UNCLASSIFIED

AD NUMBER

AD886393

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies only; Test and Evaluation; JUN
1971. Other requests shall be referred to
Commanding Officer, Edgewood Arsenal,
Attn: SMUEA-TSTI-T, Edgewood Arsenal, MD
21010.

AUTHORITY

EA, D/A ltr, 17 Feb 1978

THIS PAGE IS UNCLASSIFIED




THIS REPORT HAS BEEN DELIMITED
AND CLEARED FOR PUBLIC RELEASE
UNDER DOD DIRECTIVE 5200,20 AND
NO RESTRICTIONS ARE IMPOSED UPON
ITS USE AND DISCLOSURE,

DISTRIBUTION STATEMENT A

APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED,



AD886393

BR-303-003

COMPOUNDING TECHNIQUES FOR
ABSORBENT DECONTAMINANTS

Third Quarterly Progress Report
(March 1971 - May 1971)

by
Dewey P. Parks and Robert L. Copeland

June 1971

0BG FiLE copy

AD No.____

DEPARTMENT OF THE ARMY
EDGEWOOD ARSENAL
Defense Development and Engineering Laboratories
Physical Protection Laboratory
Edgewood Arsenal, Maryland 21010

Contract Number DAAAI 5-70-(‘.-036?‘/

L/B§;;;w1ck Corporation
Technical Products Division
4~ Marion, Virginfa
V/' 24354

AD

b




Unclassified —
Secunty Classification: N

DOCUMENT CONTROL DATA-R & D

. ’ . . .
(Securlty clunxitication of title, hody ol abstract wint hindeeing annolation mst be onfered when the overnll repurt 1 Inanilind)

1 ORIGINATING ACHiVITY (Corporate author) ’ - '.,U N' FPONT SECUMITY CL‘?SIFICAT'ON

Brunswick Corporation Unc1a551f1ed

Technical Products Division - , - T cnoun
Marion, Virginia 24354 | ' ] N/A

3. REPORT TITLE

Compounding Technidues for Absorbent Decontaminants

4. DESCRIPTIVE NOTES (Type of report and Inclusive dates)

Third Quarterly Progress Report (March 1971 - May 1971)

3. AUTHORI(S) (Firat namse, middie Initial, last name)

Dewey P. Parks and Robert L. Copeland

6. REPORY DATE . i Th TOTAL NGO OF PAGES 2. MO, OF ALEA
dune 1971 : S .- 67 None -
. 88. CONTRACT OR GRAM ! N:/ 08. ONIGINATOR'S REPOKR T NLUMBER(SY)
DAAA15-70-C- 0362 ' o ' :
L. PROJECT NO. o . ' ‘ BR-303-003
c. ) . o ' 9b. OTHER REFORT NO(8) (Any wiher numbon hat ey bo sscigned

this repart)

@ ' None

JroonTRisuvion sraTEvENT  Distribution Timited to U.S. Governmen» agencies oﬁTy'because KR

covers the test and evaluation of military hardware (June 1977). Other requests
for this document must be referred to Commanding 0ff1cer, Edgewood Arsenal,
Attn: SMUEA-TSTI-T, Edgewood Arsenal, Maryland 21010.

4

H AN Y o TS “gefense Development Eng1neer1ng Labs
Chemical Physical Protection Edgewood Arsenal
Invest1gat1on ' Edgewood Arsenal, Maryland 21010
- ‘Contract Proj. Offxcer, Mr. John B. Jackson
l! ABLTRACT . ‘ " x 2126
,' Wk [ NI : )

A study ufﬁparamtters affecting the spraying of aqueous slurries of active carbon
onto surfaces in crder to decontaminate same. These slurries incorporate active
carbon {minimum of 25%), either coal, petroleum. wcod or coconut shell based, a
thixotroping agent, a dispersant, a pigment and corrosion inhibitor.  Work reported
in this report relates to the evaluation of a basic formulation with different: types
of mixing equipment. A homogenizer tvpe mixer was selected to do additional
evaluation with the ball milled slurries for corparative data. }

R

A}

. T~

14. Key Words. - , ‘

Activated Carbon Homogenizer

Disnersants Dissolver

Thixotropes High Shear

Pigments Slurries

Viscosities Corrosion Inhibitor

Stability - Mixing

]
DD . wovesJ 4TI SHSLITITeA R/l 4 ¢ :;';: ! Unclassified

Security Clansi(ication



SxARNOINCEY
Imurcangy .

Distribution Statement

Distribution limited to U.S. Government agencies only because it covers

the test and evaluation of military hardware (June 1971). Other requests
for this document must be referred to Commanding Officer, Edgewood Arsenal,
Attn: SMUEA-TSTI-T, Edgewood Arsenal, Maryland 21010.

Disclaimer

The findings in this report are not to be construed as an official
Department of the Army position unless so designated by other
authorized documents. The use of trade names in this report does
not constitute an official endorsement or approval of the use of
such commercial hardware or softwara. This report may not be
cited for purposes of advertisement.

Disposition

Destroy this report when no longer needed. Do not return to the
sriginator.

D T SORY

_wttr«mmm”ni-b
‘uu.']um.-uo!nnu

S W i i s B R ot O S IPTR  N O 37 = = 1 Ta % 0%
s F TR VR el R anata s RSN e e St
%,

" ”




BR-303-003

COMPOUNDING TECHNIQUES FOR
ABSORBENT DECONTAMINANTS

Third Quarterly Progress Report
(March 1971 - May 1971)

by
Dewey P. Parks and Robert L. Copeland
June 1971

DEPARTMENT OF THE ARMY
EDGEWOOD ARSENAL
Defense Development and Engineering Laboratories
Physical Protection Laboratory
Edgewood Arsenal, Maryland 21010

Contract Number DAAA15-70-C-0362
Project No. 233-DP-O(RFP-0285)

: Distribution limited to U.S. Government agencies only because it covers
‘ the test and evaluation of military hardware (June 1971). Other requests

for this document must be referred to Commanding Officer, Edgewood Arsenal,
Attn: SMUEA-TSTI-T, Edgewood Arsenal, Maryland 2i010.

Brunswick Corporation
Technizel Products Divisicn
Marion, Virginia

24354

a7 < o =




- —— r——— -

———— ot o —— 2— 1~

SUMMARY

A study was made of the parameters affecting the formulation and application
of an aqueous suspension of activated carbon to surfaces in order to decon-
taminate same. This approach involves combining of activated carbon, a
thixotrope, dispersant, corrosion inhibitor, pigment, antifreeze and carrier
into a sprayable slurry. A petroleum based carbon was found to be superior
to the coal, coconut and wood based ca*bsn in that it provided a stable,
sprayable, olive green siurry.

Spraying and adhesion test were successfully completed to prove this
particular suspension satisfactory.
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II.

INTRODUCTION AND BACKGROUND

The objective of this work is to develop a universal decontaminating system
for persistent chemical agents using micronized activated carbon. The
decontaminating system must be effective against persistent chemical agents
and is designed to the following goals.

1. Act rapidly over a wide temperature range.

2. Be non-toxic.

3. Not damage material and equipment on contact.

4, Be easily and rapidly applied to vehicular equipment,

clothing and ancillary equipment.

This program is conducted in three phases, i.e., (A) vehicular decontaminants
in the form of a sprayable suspension, (B) clothing and individual equipment
decontaminants in the form of dry powders, and (C) scale-up methods and
equipment for large volume manufacture and dispensing.

This quarterly report pertains exclusively to the aqueous suspensions for
spray application for vehicular and related equipment decontamination.

DISCUSSION
A. Objective of Phase I

Phase I of the program involves the formulation of an activated carbon ‘
aqueous suspension that will give maximum vapor absorption when sprayad

onto a surface. This suspension was formulated from a carbon, thixotrope,

dispersant, pigment, corrosion inhibitor, alcohol and water.

Primary objectives are to (1) formulate 2 suspension that will give maximum
stability during storage for two years, (2) can be eastly poured and applied
by spraying to give a coating of 3-4 mg/sq. c¢cm. of dry active carbon, with
sufficient adhesion to resist some degree of abrasion while retaining the
maximum absorptive power.

B. Establishment of Basic Materials, Equipment and Methods of Investigation

Work reported in the first and second quarterly progress reports details how
the following selections were made of materials, equipment, and methods of
investigaticr

1. Activated Carbons - Wood, ccal, petroleum coke, and coconut shell based
carbons were evaluated. The average particle size cf each of the carbons
was 1-2 microns.
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Carbon Manufacturer

CWS - Coal Based Pittsburgh Activated Carbon Company
Darco KB - Wood Based Atlas Chemical Company

Type ACC - Petroleum Coke Based Union Carbide Company

Type UU - Coconut Shell Based Barnebey-Cheney

2. Thixotropic Agents - Thixotropes were selected on the basis of non-film
forming properties and efficiency as thickening agents.

Type Trade Name/Manufacturer

Montmorillonite (Bentonite Clay) 8entonite/Fisher Scientific

Resin Grade Asbestos RG-244/Union Carbide .
Pyrogenic (Fumed) Silica Aerosil-COK 84/DeGussa, Inc.
Microcrystalline Nylon Aviamide-6P/FMC Corporation

3. Dispersants - Anionic dispersing agents were used to effectively separate
the carbon particles for stability,

Type Trade Name/Manufacturer
Polymerized Salt of Alkyl

Naphthalene Sulfonic Acid DAXAD 11/W. R. Grace Company
Partially Desulfonated Sodium

Liquosulfonate Marasperse CB/American Can

Sodium Salts of Polymerized
Substituted Benzoid Alky!l
Sulfonic Acid Darvan No. 2/R. T. Vanderbilt

Water Miscible Polymer Nopcosant K/Nopco Chemical

4. Pigments - To give an olive green, the following solid pigments were

evaluated.
Type Trade Name/Manufacturer
Iron Oxide Mapico 1100 Yellow/Columbian Carbon Co.
Phthalocyanine Green Color No. W-6012/Harshaw Chemical Co.
Cadmium Yellow Color No. 1489/Harshaw Chemical Co.
Cadmium Ye'llow Color No. AZ0 W-1215/Harshaw Chemical Co.»
Cadmium Orange Color No. 151G/Harshaw Chemical Co.

..8-
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Corrosion Inhibitor - To inhibit rust, the following chemicals were
evaluated.

Type Source
Sodium Chromata Fisher Scientific
Sodium Silicate Fisher Scientific

Solvent/Antifreeze - As a carrier and antifreeze, tne following was
used.

Water - Demineralized 60 parts by vclume
Methyl Alcohol 40 parts by velume

Mixing Equipment - After evaluating three different mixing techniques,
.e., the ball mill, homogenizer and Cowles dissolver; the homogenizer

type mixer was found to be superior from the standpoint of uniformity
and ease of mixing. The detailed evaluation is described in the first
and second quarterly progress reports.

Methods of Evaluation and Investigation - Due to the infinite number

of possible combinaticns of materials and mixing equipment, key com-
binations of materials were selected and evaluated based on unifcrmity,
stability, color, ease of mixing and viscosities. It is the intenticn

to first estahlish the most efficient thixotrope based on a high viscosity;
second, establish the most effective dispersant based on a low viscosity;
third, add active carbon untii a workable viscosity is formed, and
fourth, determine the optimum percent concentration of dispersant by
measuring the viscosity and observing the stability at 1, 2, 3, and 4
percent concentration. Generally, materials were eliminated from the
program based upon their performance when put into suspension.

Evaluation of Each of the Different Based Carbons in Suspension

CWS Carbon - Coal Based

The coal based activated carbon used in this evaluation was manufactured
by the Pittsburgh Activated Carbon Company. The carbon supplied to
Brunswick by Edgewood Arsenal had an average particle size of 1.5 4

and a pH vaiue of 10.0 in aqueous sselution. The surface area measured
1000-1100 sq. meters/gram with a 'CCL4 activity of 65%.

The different thixotropic and dispensing agents, shown in Section B,

were first evaluated for effects on aqueous slturries of CWS activated
carton. Formulations were prepared with each thixntrope, i.e., bentonite,
asbestos, pyrogenic silica and microcrystaliine nylon, and are shown

in Table I. :

Experiments 79, 83, 87, and 87-A show effects of each of the thixutrcpes
when using Darvan No. 1 as the disper:ing agent. As this series of
experiments show, bentonite was tne most efficient thixotropic agent in

|
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that it gave the highest, most stable viscosity. Experiments 115, 116,
117 and 118 were performed under the same condition substituting DAXAD 11
as the dispersant. Results again show bentonite to be the most efficient
thixotropic agent by giving the highest viscosity with the cther additives
being held constant.

It was conciuded from these two series of experiments that bentonite
is a superior thixotropic agent to either asbestus, pyrogenic silica
or microcrystalline nylon when using the CWS coal based carbon.

After selecting bentonite as the thixtrope agent for (WS carbon,
different dispersing agents, DAXAD 11, Darvan No. 2, Marasperse CB,

and Nopcosant K were evaluated for their effectiveness in lowering

the viscosity. Experiments 115, 119, 120, and 121 (Table II) show
initial evaluations of the aispersants. By assuming the lower viscosity
indicates a better dispersion of carbon particles, experiment 120, using
Marasperse CB dispersant, was selected for additional evaluation.

By analyzing experiments 134, 135, 137, and 141 (Table III) it can be
seen that carbon loadings up to 40% (Exp. 137) are possible using
Marasperse CB, however, these slurries become glue-like in texture
with a significant drop in viscosity during storage. Experiments
144, 145, and 147 were conducted to maximize carbon loading with a
more stable viscosity. Experiment 145 using DAXAD 11 gave both a
carbon content of 31.7% and more stable viscosity during storage.
Therefore, DAXAD 11 was chosen as the superior dispersant.

After seiecting bentonite as the most efficient thixotrope and
DAXAD 11 as the dispersing agent, the next step was to determine
the optimum percent concentrations of DAXAD 11. This was done by
conducting the experiments shown in Table IV. The results are also
shown charted in Figure 1. Experiments 115, 149, 150, and 151 were
conducted with a 300 gram CWS carbon loading (v 25%) with 12, 24,
36, and 48 grams {~ 1, 2, 3, & 4%) of DAXAD 11 dispersant.

Experiments 152, 145, 153, and 154 contained 395 grams (31%) carbon
loading. As the results show, there is a significant difference in
reaction of the DAXAD 11 to the percent carbon loadings. This data
indicates optimum to be 2% DAXAD 11 dispersant with each carbon
loading.

The next series of experiments were prepared to test the effect of
corrosion inhibitors. Experiments 145, 172, and 176, shown in Table V,
give the resulting viscosities of suspension prepared with sodium
chromate and sodium silicate inhibitors. Both Experiments 176 and 172,
containing .48% and .96% sodium silicate inhibitcr, show a drop in
viscosity with eventual settling. Sodium silicate did show a slight
increase in pH over the sodium chromate. Based on stability of the
suspensions, sodium chromate is selected as the better corrosion
inhibitor.




Experiments 145, 184, 185, 186, and 201, shown in Table VI, were
conducted to evaluate the effect of various mixing times using

the L-1 Laboratory Homogenizer. As the results shw, each increased
mixing time precduced a higher viscosity, however no apparent
stabilization of the viscosities was achieved. It was concluded
that additional mixing time beyond thirty (30) minutes does not
improve the stability of the CWS suspensions. The solvent content
of Experiments 145 and 201 measured 55.8% and 55.5% respectively,
therefore solvent evaporation during mixing did not produce the
increased viscosities,

Various types of pigments were evaluated to produce an olive

green color. Cadmium lithopone yellows, oranges and phthalocyanine
green pigments supnlied by Harshaw Chemical Company were added to
CWS suspension in concentrations up to 6.3%. As Table VII shows,
Experiments 191 with the Azo yellow and 193 with the cadmium
lithopone gave considerable increases in viscosity without the
desired olive green color. A 6.3% concentration of phthalocyanine
green remained black. The Mapico 1100 yellow, iron oxide, pigment
did give the desired olive green at a 4.8% level, therefore was
selected over the other pigments tested.

After making final selections of a thixotrope, dispersant, pigment
and corrosion inhibitor for use with the CWS carbon, some adjustments
were made in solvent content. With a carbon content of 31.60% and a
solvent content of 60.71% the resulting viscosity was in the 25,000
centipoise range. As can be seen by Spgay Test No. 12, the coverage

over the test panel was in the 20 mg/cm™ range indicating the viscosity

was too high for effective spraying. Also the resulting spray gave a
spattered, non-uniform coating again indicating the material to be
thick. The solvent content was then increased to 63.03% (reducing
the carbon to 29.59%) which resulted in a viscosity in the 12-14,000
centipoise range. Slurries in this viscosity range can be effectively
sprayed.

A typical formulation for CWS carbon used both for testing sprayability

and adhesion would be as follows:

Ingredient Actual Weight Percent Formula Wt.
Carbon: CWS Carbon 385 ¢ 29.59
Thixotrope: Bentonite 6 g .46
Dispersant: DAXAD 1 24 g 1.84
Pigment: 1100 Yellow 60 g 4.61
Corrosion Inhibitor: Sodium Chromate 6 g .46
Solvent: (60/40 Water-Methanol) 820 m 63.03
Mixing Time: Thirty (30) minutes using the L-1 Laboratory Homogenizer
Typical Viscosity at 24 hours 14,000 cps Helipath

after mixing 11,000 cps #4 @ 10 RPM

5,500 cps #4 @ 20 RPM

pH Value 10.4
Carbon Particle Size 1-2 u (avg.)

-11-
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 TABLE |
CARBGN SUSPENSIONS |
i CWs YCARBON - THIXOTROPE EVALUATION - . o o
FORMULATION NO. L 79 | 83 |. 87 [ 87-a | N5 | 16 | 17 }iip
| cOMPOSITION BY/WT. rctual Wt. '
i Carbon CwWS 300 g| 300 g{ 300 g| 300 g| 300 g 300. g 300 g 300":3-
Th‘lxotr‘ope (1) Bentonite 6 g 6 g i3
(2)_Ro-2uh 69 beor Lo |4
_(3) cok-8h 69| S §
(4) Jlon-G _6 q ‘ by |
Dispersant (1) DAXAD 1 L N 12g] 12g 127g] 1274 |1
(2) Darvan #1 12.q 1249} 12g 12 g ' o4 s
(3) Marasperse CB ' " : B : a
(4)_Nopcosant K | ) ’ R +—~~~ ‘
Pigment 1100 Yellow_ 60 g 60 609l 60 g. 60-g| 60 60 gl 60 gy
Corrosive Inhibitor (1) Na,C O, 6 6 6 6 T 6 g} 6% 6o 64
—{2) Na,s.0, _1 M . ] L e .
So]vent, Water/Alcohol 60/40 By Vol. 756 ML 756 ML| 756 ML 756 MU 756 ML 756 MU 756 MLI756 mL
MIXING TECHNIQUE: Homogenizer, min. 60 160 | 60 | 60 ! 30 | 30 -3 |30
| CHARACTERISTICS o
" viseosdtys CP o
Ime¢. Jeldpath C” 19,000} 2,000] 3,000] 1,000/ 7,000 ! 1,800}3,000|1,5%
After _#4 © 10 RPM 6,800 | 1,900 | 2,800 | 500| 5,700 | 1,100 2,440 | 1,600
WX 440 20 RPM 3,400 | 1,050 | 1,500 |  300| 2,875 | .575] 1,325 | 500
after Heiipath " 12,000 | 2,800 | 4,000 |  500[10,000 | 2,000 4,000 | 2,500
24 #4.9 10 RPM 9,000 2,200 3,600] 20| 7,500 | 1,200] 3,350 | i,900
23_“"5 #4 B 20 RPM 4,700] 1,1001 1 900 150] 4,000 600 | 1 8001 350
after lielipath " 16,000] 3,600 6,700[  [14,000 | 2,500 6,500 | 3wc -
7 #4.@ 10 RPM 12,000 | 2,900 | 5,600 13,700 | 1,600 | 5,000 f 100
Days 44 g 20mPM 6,200 1,300 2,750 4,850 | 775] 2,650 {1,030
after  Helipath "C” 17,0000 2,000 7,000 * ¢ 14,000 | 2,900 6,800 | 2,50 |
14 449 10 RPH_ 12,5001 1,400! 5,700] 2£ [10,200 | 1,500 5,350'2,30Q ,
DS 449 208PM 1850 750] 2.800] %8 | 5,200 800! 2,900 1,75 8
afrer —elipath 7€ T“e 8001 3, 7900; 8,000 5,115,000 | 2,000 7,000 | 2,506
30 46 ¢ 10 RPM 13,000} 2,100/ 5,800f -' {11,300 [ 1,100 5,000 {2,150
Days #4020 RPM 6,800 1,125, 2.6 5,550 i 600 2,550 [ 1,600 |
e PH 10.5 {10.3 { 10.2 (9.7 9.5 |99 le5
- .




TABLE {1
CARBON SUSPENSIONS

WS CARBON - DISPERSANT EVALUATION

5

post Avaiiedie G

FORMULATION NO. 115 119" 120 | 121 j_ﬂ }
LT e T ~ i
__ COMPOSITION BY/WT. Actual Wt. § 2
, , i B
Carbon  (ws 300 g| 300 g | 300% gl 300 9| | ! '
. ’ ! !
Thixotrope (1) Bentonite 6 g 6 g 6gi{ .6g ! L i
[ 3 - . B : |-
(2) I S :
(3) A
= 7 i !
(4) f A
Dispersant (1) DAXAD.11} 1. 124 o ,__;Jf .
(2) - Darvan No. 2 12 g 4 __w}_-
(3) Marasperse CB 12
{4) Nopcosant K ! 12 g
Pigment 1100 Yellow 60 g{ .60 g| 60 gl 60 g .
Corrosive Inhibitor (1) Na € 0, 6gl 649 6 g 6 N M..__p_
I 3 N T
__Solvent, Water/Alcohol 60/40 By Vol. 756 ML {756 ML | 756 ML | 756 ML N
_.”MIXING TECHNIQUE : Homogenizer, min. 30 30 .30 30 | 2 i
_CHARACTERISTICS
Viscosity, ¢P . . - , [ 4 . L -
wen . b R !
[eg. JHelipath “C* 7,000} 3,500] 1,100 11,000 ] 4
After #4.@ 10 RPM__ 5,700 _2,200 -..__650._1,,9.&99 IO ?.
Mx 44 e 20 rem 2,875] 1,225] 400 | 5,675 L
After Helipath "C* 10,000{ 1,500| 1,000 | 9,400 )
26 #4.® 10 RPM 71,9001 900} , 600 ; 8,500 .
Hours _ 44 0 20 RPN _ 4,000| s00| 350 | b,550 | R
After ~lelipath "C” 14,000{ 1,000] 1,800 | 7,500 o
7 #4 @ 10 RPM 13,700/ _ 450, 1,000 ! 7,250 | D
Days 440 20 RPM 4,850, 300 550 | 3,875 | |
Cm eSS SS SRR S TR T e rem ey = - N O CmLmTLL A T -3
After Helipath "C 14,000/ 1,000/ 1,800 L 7300 S
14 44 8 10 RPM 10,200} 400 1,000 l 6, 800 : 2
Days i I
Vs A8 Q20 RPM 5,200 250 5503675 L.l
Helipath "C* { 14,0001 1,500 | 5,800 ' | -
Aftel’ IS ". 'd H t B T"
30 #4 9 10 RPM 11,3000iscardad 750 i ¢ 000 g
T - - $
epeomn  1sss0™ T s |33 e
S - 9.719.5 {9.6 9.8 7
HOTES: _ #MOST EFFICIENT DISPERSANT 13-

it R A B o e W



TABLE 111
CARBON SUSPENSIONS

CWS_CARBON - DISPERSANT EVALUATION .

:!“Hb"‘ C{"’?’\'\-
Dost Avaicoe LY

<14~

" FORMULATION NO. 136 [ 135 {137 | ok | s | oaag
e T e e . i T - - R S
_ COMPOSITION BY/WT. Actusl Wt.
Larbon  cus 425 g | 450 g| 500%g | 450 g | 430 g [3954¢ ! 3254
Thixotrope (1) Bentonite 6g 69 69 99| 65| 65| Sy
(g) R SRR S
(3)
(4). | ; -
Dispersant (1) Marasperse CB _{12vi2 g 24 g} 24 g 24g —.
(2) Darvan No. 2 2k g 4.0
(3)  DAXAD 11 2h g -
(4) Nopcosant K L 2k g -
Pigment 1100 Yellow 60 9| 60 gl "60 g} 60 g| 60gl 609 60
Corrosfve Inhibitor (1) Na,C 0, 6gf 6g 6al 6 6 6al 64d .
. 2 . ) : e
__Solvent, Water/Alcohol 60/40 By Vol. 756 ML | 756 ML| 756 ML | 756- ML | 756 ML!756 ML | 756 M!-f }
MIXING TECHNIQUE: Homogenizer, min. 30+30 | 30 | 30 30 ) 30 .}30 | 30
CHARACTERISTICS
Viscosity, CP_ . . _._.{34,000) _ e e e
Ineg. Helipath 'C° 110,000} 6,000 15,000 | 15,000]14,500 {16,500 111,000 ;
After 44 © 10 RPH 5,400 2,800 6,3001 6,;400/10,250 | 13,650 10J3qo;
f’,‘f.w.,.n_.i".‘},...é'z,io RPM 3,350 1,900! 4,7501 3,950] 6,350 | 6,650 5,450 -
After Helipath “C* 1 5000] 2,000] 12,000 7,000] 6,000 |16,000]10,000
24 449 10 RPM 18600 1,100 4,900 2,900] 3,725 |13,000] 9,200
D w4020 RPM . 11,2000 775] 3,650] 1,950/ 2,500 63251 4,900
After Helipath “C’ 3,000} 1,500 8,000} 5,000 3,200 |23,500] 9,000 !
7 #4_¢ 10 RPM 1,300} 900! 2,900! 2,100: 1,900 17,600 8,200
R4 RM | ool 00| 2,251 1,400 1,300] Bes0l L5060,
After Hel{path "“C" 2,000{ 1,200[ 5,000 _11,9002 2,800} 25,000 &,800
14 44 9 1ORPM 1,000} 800| 2,200 1,625 1,400 19,600] 7,700
ays 44 9 20 RPM 675| 600) 1,7001 11,1250 950 | 3,800 4,237
Helipath "C" 1,000, 900! 3,000f 2,000/ 2,000 | 28,000, &,50C
After , : e
30 #4 @ 10 RPM 700, 600, 2,000, 1,150 1,200 22,000, %,300 :
Days 4 @ 20 moM 500i _ 4s0. 1,650] ~ 850 850 [ 11,100 3,500
_ pH 101l 10.64 10.1 ] 10.2] 9.6 0.0 |00 |
SOTES: #M| XTURE BECAME GLUE-LIKE WITH 500 g CARBON



TABLE 1V

CARBON SUSPENSIONS

.CWS CARBDN - PERCENT DISPERSANT EVALUATION

FORMULATION NO. s | 149 | 150 | 1s1 foas2 | s | o183 _Iﬂrmsu
COMPOSITION BY/WT..  Retual W, .' )
Carbon _ OWS 300 g 300 g | 300 g| "300.g] 395 g | 395 g| 395 9395 ¢
Thixotrope (1) Sentonite 6o 69| 65| 69| 6g bsl 6uf b3
(2) _ S SR S
(3) 1 -
| (4) : : 4
Dispersant -{1)__DAXAD. ll 4 l2g 2hgj 36g] g 129 2h g1 36 g Mg
' (2). , RS
A3 .
(4) .
Pigment 1100 Yellow i 60g 60g| ‘60g 60 g| 60 gi° 60 gl 60 gL'éﬁ
N . s - I - - - R
Corrosive Inhibitor (1) Na,C 0, 6o 69| . 6gl " 6d 69| 6g 69 b
@ SRR WSO R SN U
>olvent, Water/Alcohol 60/40 By Vol. _756_ML| 756 ML 756 ML| 756 MU 756 ML 756 ML 756 MJ756~
4IXING TECHHIQUE: Homogenizer, min. 30 | 30 30 | 30 '3 } 30 | 30 .30
CHARACTERISTICS
Viscosity, CP e ey oL N L
ey, Helipau {\,j' . '_l_z,p_op_ 4,000 | 5,000 | 5,500 | 25,000}16,500 18,000 ke, u: ¢
After £4_@ 10 RPM 5,700 | 3,000 | 3, 600 | 3,8501 22, 9_0_9_13 650 |13,200 19, €00
?1X #4 © 20 RPM 2,8751 1,575 1,750 1,875 11, 450 6 650 6, 850 ;Jl/ 3
-y " 1 nmren f P wowr w8 e o
after  Helipath "C" 10,000 | 6,000 | 6,000 | 5,900 28,000r16,000 21,500 24,00
26 449 10 RPM 7,900 | 4,150 | 4,200 |- 4,300 26,400] 13,000 {16,400 17 ko
Hours 4,000 | 2,050 | 2,100| 2,140l 13,800| 6,325 8,100 |6
nours  §4.0 20 R:M" 1000 |2, 50| 2,100| 2, ‘| 13,800 6,3251 8, i 56
- After ’ ..‘.Q:U.Lth ¢ B ;.
7 #4010 RPM ‘
: Days w40 208PM ] T
After Helipath “C’ ‘ SN S
14 ¢4 @ 1C RPM ; S : L
Days #4920 RPM | _ R T
Helipath "C* ' ] T -
After . ’L -
0 _#5 @ 10 RPM !
Days 44 g 20 RPM ! R
L AEH { l Ty I
HOTES: -15- o
. : N
Best Available Cop



Viscos Ly, éps x 1000

31.9% Carbon Loading |

"
12
104 -

& R 3

v £ ¢

26.3% Carbon Loading

T Ls H \ g

| 1 3
¢ DAXAD 11 Dispersant

+

FIGURE | - EFFECT OF % DISPERSANT ON BPL{CWS) CARBON SLURRIES
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TABLE V
CARBON SUSPENSIONS
| CWS_CARBON - CORROSION INHIBITOR .|
FORMULATION NO. s | 176 | 172 b
. T ! T
_ COMPOSITION BY/WT. actual Wt | |
Carbon (WS 395 gl 395 g] 395 ¢! | ’ { o
» !
ixotrope (1 ' 6 6 g 64[ 3
.I!L____t.(__)__immi‘ : +
(2) %' S - 1' -
(3) I
- — .
(4) ! S
Dispersant (1) DAXAD 11 24 24 g 2h g i
(2)
(3) i L.
(4) EL L
‘ T
I Y HOW 60 60 60 g ﬁ e S
Corrosive Inhibitor (1) Na¢ @ i | -
!
| : —£2) Na,s 04 6 12 i .
. _Solvent, Water/Alcohcl 60/40 By Vol. 756 ml| 756 ml} 756 mi L z _ ‘
b MIXING TECHNIQUE Homogenizer, minutes 30 30 30 E L
CHARACTERISTICS
Viscosity, Cf e e o e e e
‘meq. Helipath "C" 16,500 u_«,bc_ap._q,l_l.ooq; R ~ _I,+ .
:;’:er vf @ 10 RPH 13,6501 2,600 6,5001‘%_‘_ IS U S ‘! ek
74 0 20 RPM 6,650 1 1,600 3 425 .
After Helipath "C” ,16,000 | 1,000 | 1,000 pem [ .o
24 44 6 10 RPM 113,000} 1,100( 1,900 s e
Hous wapoomeM  gzs| 700l 1,00 —
After Helipath “C* 25000 < 500 - 500 . |
7 44 @ 10 RPM 12,600 ~ 300 -~ 300] ]
Bays 44 o 20 RPM 8,650 » 250! - 250 ;
i S = . 3 TR o .____,.-",. ~‘—~?— LT ot LI T P "’.'.-';?‘ -
After Helipath “C 25,000 4 RS S SO
14 #4 ¢ 10 RPM (9,600 : ,, .
W s Tawe CEIIETT LT
R i e e ‘—"'rgu:i'::izcr.i'_-t s e .‘.+u..=- - -
i Heiipath “C* 28,000, o > ‘ T‘
t.r I 4 T N vl e T -~ -
3046 9 10 RPM 122,000 =3 ) -
0ars 44 @ 20 RPM i1, 100, ‘ -
il T T TR Lt AT - % BTN, . St -
M { 10.0 ! 1.7 10.8 i | i 1 L
—NQIES. 7-




TABLE vi
CARBON SUSPENSIONS

CWS CARBON - MIXING TIME STUDY

_FORMULATION NO. 145 | 184 | 185 | 188 | 20 3
COMPOSITION BY/T. Actual .
Carbon  CwS ] 395 g | 395 9395 ¢ | 395 g | 395 ¢ N
3’ otrope (1) _Bentonite Tx 4 4
\ (2) : hree U GRGIE SRS, -ﬁr._ — B .
(3)
e
(4) ‘
Dispersant (1) DAXAD 1 .209] 20g| 249 20g] 24 Lo .;
@) | | 1]
(3) i ‘ | |
(4) ‘ K
Pigment 1100 Yellow 60 g! 60 g 60g| 60g;, 60g 14
Corrosive Inhibitor (1) NasC .04 6al 6 6al 6al 6g ;
\ L ! B | S
Solvent, Water/Alcohol 60/40 By Vol., mi| 756 | 756 | 756 _| ‘756 ! 756 e
MIXING TECHNIQUE : Homogenizer, minutes | 30 | 60 | 90 | 120 } 180 } ]
CHARACTERISTICS "\\ "
Viscosity, CF e S - .
{mpe.  Melipath "C 16,500 |19,000 | 20,000 \ooo [45 600 | X
Atter #4 @ 10RPM_ 113,550[14,300| 15,300 20, 200:23 I N
WX 44 0 20 rew 6,650 7,100 7,625 9 900/ 14,400 | ;
: nen v rape—— e - :
Afrer  Helipath “C 16,000 [29,000 | 28,000 27 ooohggoq&___ L
24 24 10 RPM 13,000119,800 | 18,000} 19,000132,200{ | .
Hours 44 0 20 RPM _ 6,325 9,760 9,100, 9, 5=5M 300
after Helipath “C" 23,500|34,000, 32,000] 41,000'63,000] 1
7 #s @ 10 RPM 17,600 125,100 23, 200, 29,4001 36,600 =
) B
Days  yapo2omeM . 8:65012,500, 12, 000 15,1001 18, 000 | |
I 2,500, 12,0004 L S
afrer Heiipath _c_' 25 00036,000, 34, 000, 1.2 ooo 60, u_gg*___m_;_ ] f‘
14 #4 v 10 RPM o .19 600 26 zoo 25,000° 33,200 32,500 ¢! 3
PUS seomeM 9,800, 2,800 12, 203_# 16,895 15,020
P N - T - - ~ by SRR _,a;m’x_»ﬂ-."u:.d.
are helipath “¢" 28 000 3'. 000 34, 000, !.5_ oo.o SS90
30" 26 9 10 RFM 22 000 26,400 25, 6001 33,200 .7 155 |
Oays g4 ¢ 20 2P 11,100 13,700 13,500 .';.fao 8. Jso,'
- 4 ATLILUNE] : NN
. ;\o_o!molml g‘OO i'.co 3
—NIIES: __Scivent Content, 3 i SS.8 g L { $5.5 Jr
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TABLE VII

CARBON SUSPENSIONS
CWS_CARBON - PIGMENT EVALUATION.

FORMULATION NO. 145 | 191 | 192 | 193 L 1 }L
COMPOSITION BY/WT. Actual Wt ! ‘
Carbon  CWS 395 9| 395 gf 3959 | 395 g | o |
T I o T
Jnixotrope (1) Bentonite 69| 69 69 6gl | [
' ' . ! ; |
(2) SRS SRS SN S Y
(3) i | ! s
A A
(4) . 4 NS S
Pignent (1) 1100 Yellow 1Y S N S S N ,%
(2) Azo Yellow 80 g L : N g
(3) p ™ * 80 g . i 7 r ——
(8) Cad Yellow/Cad Orang S6/59) L
Digpersant _ DAXAD 1 [ 24q 24g| 249 24g. ; .
i 1
Corrosive Inhibitor (1) Na,C.G, | 6 g 6 69 } 69 R t..-
T T A B
(2) _ » S e
Sq_]_vent. Water/Alcohol 60/40 By Vol., 756 | 756 756 F_@Q’- ? I -.,.,«f.”.
MIXING TECHNIQUE 30 0 | % " ) P
CHARACTERISTICS
Viscosity, CP_ . _ . ._. o S o
fned. Helipatn “C* li6,500 #2,000 | 3,500 ‘46 oao' # l i
After #4 @ 10 RPM f13 ,600_P0,400 | 1,200 {29 80u+ S . :
FIx 44 0 20 Rem 6650 10,300 750 16,2000 | ; |
| Helipath "C" 16 2001 T t T
After Bath & o 1 —/-——- S R ——
24 4.¢ 0 RPM na 000 /_ i
Lo 24,020 BPY ERTEIvA ‘ T e
i _Color, [Olive |Dark = Meaj!m o _~;t‘ o
‘ __Wet __[Green - Green _§]°S_s } . Green | | . .
L ’ | — . . -
_Color. _(Qlive _Green. _ _dark | + L.
Pry . _ [Green  Black, Slace reer A
f S W
| o T
f ’ s o3 Seeep——— ' ;_—~— rTmTEgT s T T e e e+ T mawa o~ - .
S - AN S SRR SR SR

. l —AOTES. *Supplied by harsnaw Cnemical ir agqueous 5uspensicn
-19-




I

2. Darco KB Carbon - Wood Based

The wood based carbori is manufactured by the Atlas Chemical Company and
is supplied with an average particle size of 1.2 u. The pH value in
aqueous solution is approximately 5.2 with a surface area of 600-700
square meters/gram and a CCL4 activity of 84%.

In evaluating Darco KB carbon, the same general plan of experimentation
was used as with the CWS carbon. Experiments 95, 96, 97, 103, 104, and
106, shown on Table VIII, give results when the carbon is combined with
each of the thixotropic agents. After solvent adjustment was made
(Exp. 95, 96, and 97§ to keep the slurry sufficiently fluid to mix,
slurries were prepared with each of the thixotropes using DAXAD 11

as the dispersant. By analyzing Experiments 97, 103, 104, and 106,

it can be concluded that bentonite was the most efficient thixotropic
agent in that it gave the highest workable viscosity. Although RG-244
asbestos, shown in Experiment 103, gave a very high viscosity, in

order to prepare a mixatle slurry it would be necessary to (1) lower
the carbon content below 24%, (2) lower the thixotrope below 1/2%,
which would not be a sufficient amount to hold the carbon particles

in suspension, or (3) raise the solvent content, all of which are
urdesirable.

It was concluded from this series of experiments that bentonite is
the superior thixotropic agent with Darco KB wood based carbon.

In evaluating dispersants with the Darco KB-bentonite system, slurries
were prepared as shown in Table IX. It can be seen tnat Darvan No. 2
give the lowest viscosity, indicating the best dispersion of carbon
particles. Experiment 148 was conducted using a cationic dispersant,
Ammonyx 856, but the data shows the anionic dispersants gave a lower
viscosity indicating better dispersion. Darvan No. 2 dispersant was
selected for further evaluation.

Table X shows results of increasing the carbon content of the Darco
KB-bentonite system and the effect on viscosities. Experiment 143
gave the maximum loading at 25.4% carbon with the lowest viscosity.
This was accomplished with the Darvan No. 2 as the dispersant.

Experiment 136 shows the two step procedure used to arrive at the
maximum carbon loading.

With the Darco KB carbon, bentonite was selected as the thixotrope
and Darvan No. 2 as the dispersant. To determine the optimum percent
contentration of dispersant, a series of experiments were made and
the results shown in Table XI anc Figure II. Unlike the coal

based carbon {CWS) suspensions, Darco KB wood based carbon slurries
show a sharp drop in viscosity as the percent dispersant is raised to
5%. As shown in Figure II, the viscosity of the 26% carbon loaded
slurry was stabilized between 3% and 5% with only a slight decrease
in viscosity at the 5% level.

-20-




The data indicates the optimum to be 3% of Darvan No. 2 dispersant
with the carbon loading of 25.2%.

Table XII gives results of investigating sodium chromate and sodium
silicate as the corrosior inhibitor. Although the suspension con-
taining sodium silicate remained very stable during storage, the pH
was unacceptably low at 6.1. Sodium chromate was selected as the
corrosion inhibitor.

In finalizing the selection of the Darco KB carbon suspension,
Experiments 159, 189 and 199, shown in Table XIII, were conducted.
After 90 minutes mixing time, the suspensions showed large
increases in viscosity with some friction heating being experienced
with Experiment No. 199. Again solvent evaporation was not the
apparent cause of the viscosity increase. Therefore, it {s con-
cluded that a thirty (30) minute mix time produces a uniform
suspension with no improvements in stability by additionai mixing.

Pigment evaluation shown by Experiments 159, 206, 207, and 208 in
Table XIV for the most part produced the same resutts as with the
CWS carbon. Mapico 1100 yellow, iron oxide, gave a suitable olive
green at 5.05% while higher concentrations (5.44%) of the cadmium
1ithopones resulted in color gradients ranging from dark green

to bilack. Again the iron oxide pigment was chosen to give the
oiive green.

Of the different based carbons formulated and tested, the Darco KB
appears to be the least attractive for a spray application. In order
to prepare a sprayable slurry it was necessary to adjust the solvent
content upward to 67.26% which gave a carbon content of 24.29%. The
resulting viscosity measured 24 hours after mixing was 17,000
centipoise. As is characteristic of this particular carbon, the
viscesity continues to drop during storage however does appear to
stabilize after 30 days.

After formulation adjustments to give a sprayable system a typical
formulation used for both testing sprayability and adnesion would be
as follows:

Ingredient : Actual Weight Percent Formyla Wt.
Carbon: Darco KB 325 g 24.29
Thixotrope: Bentonite 6g .45
Dispersant: Darvan No. 2 36 g 2.69
Pigment: 1100 Yollow 65 g 4.36
Corrosion Inhibitor: Sodium Chromate 6 g .45
Solvent: (60/40 Water-Methancl) 900 ml 67.26
Mixing Time: Thirty (30) minutes using the L-1 Laboratory Homogenizer
Typical Viscosity at 24 hours 17,000 cps Helinath

after mixing 14,800 cps 44 @ 1G RPM

7,450 cps #4 @ 20 RPM

pH Value 10.4

Carbon Particle Size 1-2 © (avg.)

-21-




TABLE VI

CARBON SUSPENSIONS
DARCO KB CARBON - THIXOTROPES

_FORMULATION NO. 95 96 97 103 104 106 | 1
.
_:f)‘r{POSITION BY/WT. _ Actual Wt.
Carbon  DARCO KB 300 g | 300 g| 300 g} 300 g-| 300 g ! 300 g
{hixotrope (1) Bentonite 6 g 6 g 6 g
(2) RG-244 6 g -
(3) cok -84 6 g +
(4) Nylon-6 6 g
D¥spersant (1) DAXAD 11 12 g 12 g 12gl 129 12 g 12 g b
(2) Darvan No. 2 o -
(3) Marasperse B _
{4) Nopcosant K _
Pigment 1100 7ellow 60 g 60 g 60 60 g 60 g 60 g
) . - I
Corrosive Inhibitor (1) Na,C 0, 6 g 6 6 g 6 g 6 g 6 S‘f
. (2) !
_Solvent, Water/Alcohol 60/40 By Vol. 756 ML | 956 ML| 856" ML| 856 ML | 856 ML! 856 M ]
~_MIXING TECHNIQUE: Homogenizer, min. -- 30 30 .- 30 } 30 b
CHARACTERISTICS
Viscosity, Cp
Imed. nelipath e 10,000] 16,000 14,000412,800 |' i
After #4 @ 10 RPM ' | 8,500, 14,700 ' ]12,500{11,800 i
MX g4 6 20 RPH S | 4,20 7,65 S | 6,300] 6,050 I
Afer Helipath "C . 8,000{ 15,000 ~ 11,000{10,000 b
24 44 @ 10 RPM | 5 | 7,000 13,200 & |'0,800] 9,300
Hours 44 6 0 RPN % | 3,700 7,004 +® | 5,50 4,075
hon o X T X ™ =
After Helipath C 8= | 7,450 13,000 3 ! 9,000 9,000 .
7 #4 @ 10 RPM wo | 6,30 11,704 =o | 8,900 7,700 *
Days 2 o o ' o
DaYS #4020 RPM Lt #_3,300 6,17}_ 54 4,600{ 3,950 1 -
After Helipatnh “C" v o 7,000 13,000 ' 9 ¢ 9,000{ 8,200
14 #4 ¢ 10 RPM > | 6,204 11,80d > | 8,800] 7,625 i
Days 44 ¢ 20 RPN 8 | 3200 6,304 3 ' hiso 3,925
Helipath "°* ' 8,000 14,800 v 11,000] 8,500
After K " o -
30 _#4.@ 10 RPM | 6,804 13,55 . 10,350 7,625
Eé)'s #4 0 20 R Jr::ﬁ 3,628 7,204 5,350 4,000
o - - T
L _pr 8.8 1 8.8 8.3 7.7 4 4
—NOTES.



TABLE X

CARBON SUSPENSIONS

- _ DARCO KB CARBON - DISPERSANTS . .
FORMULATION NO. 97 | na2 | 13 | s | W | |
e ‘ i
|
COMPOSITION BY/WT. Actual Wt. ',
Carbon  DARCO KB 300 g | 300 g| 300 g | 300 g 1300 g L
! ghixotrope (1) Bentonite 6 g 6 g 6g | 6 g 6 g 1 )
‘ (2) 1 | ,__j,_ ‘ ~
i (3). |
. _  E— cd ey
‘ (4) (Agmonyx 86y !
i Dispersant (1) DAXAD 1. 12 g 129 .
) (2) Nopcosant K 12 g B S 'f
{3) Marasperse (8 12 g -
(4) Darvan No. 2 12 g1 b
| Pigment 1100 Yellow 60 gl 60g 60g| 60g; 609l
; Corrosive Inhibitor (1)Na,C 0, 6 g 6 6 g 6 g 6 g 1
N e
. _Solvent, Water/Alcohol 60/40 By Vol. 856 ML| 856 M 856 M| 856 ML 856 ML 1
MIXING TECHNIQUE : Homogenizer, min. 30 30 30 30 30 '
CHARACTERISTICS
viscosity, CP e e e e e e
, (ma. Heltpath *C [16,000130,000] 13,000] 7,000 | juroof 1
f After  #4 @ 10 RPM 14,700/26,000] 11,540} 6,700 | 12,300 :
MIx 44 0 20 rem 7,650'13,950] 6,000 3,475 | 12,100 i
afrer Helipath “C’ 15,00019,000] 11,000! &,200 32,000
24 #2 8 10 RPM 13,200118,800; 9,400 3,8_90 12,000 !
hours 44 @ 20 rpM 2,000] 9,850] 4,950 2,075 | +H.4oo'| o
after Helipath “c’ 13,000/ 18,200{ 7,300! 4,000 28,0000 P
7 #4 @ 10 RPM 11,700| 16,0000 6,300{ 3,100 | 12,000 .
Days 44620 RPM 6,175 Bh2s] 3,350 1,00 (sl
After Helipath “C l3,ooo§ls.ooo] 6:50‘6‘%3,80‘5:; 30,000 t‘
14 #4. 0 JORPM 11,800' 14,600 4,900 3,200 , 13,000 '
VWS g4 9 20 RPN 6,307,700 2,600 1,700 :-j'wi;,‘eso‘::_
rfear Helipath "C" 14,8001 16,000 6,900, 4,000 e L
30 _#4 8 10 RPM 13,550, 15,500 5,600, 3,600 i 5 800
Days 44 ¢ 20 RPM | 7,200 &,150 2,950 1,950 12,600l |
M 8.8 [ 83 { 7.9 | 7.8 | 1.6 )
| - NOTES: __ 4CATIONIC DISPERSANT 23




TABLE X

CARBON SUSPENSIONS
DARCO KB CARBON - % DISPERSANT

-24-~

FORMULATION NO. 133 13¢€ 143 142 e
c! . '
COMPOSITION BY/WT Actual Wt.
Carbon  DARCO KB 200 g| 325 g § 3259 325 g A
Jhixptrope (1) Bentonite 6 g X 6 g 6g {
'il' .
(2) <
(3)
(4)
Dispersant (1) DAXAD 11 24
(2) Darvan No. 2 12+13 24 g
(3) Marssperse CB 24
(4)
Pigment 1100 Yellow 60 gi 60 60 q| 60
Corrosive Inhibitor (1) NaC 0, 6 g 6 g 6.gl 6
R (2)
Solvent, Water/Alcohol 60/40 By Vol. 856 ML{ 856 ML| 856 ML| 856 ML
MIXING TECHNIQUE: Homogenizer, min. 30 |30+ 39 30 30
CHARACTERISTICS
Viscosity, CP (33,000) L
Imeq. Helipath “C" 32,000} 25,000/ 25,000 | 42,000 ~ )
After #4 @ 10 RPM 31,400 24,000/ 22,700 | 34,000
-
Mix 440 20 RPM. 16,500] 12,306] 12,200 | 19,250 ]
After Helfpath “C* 32,000] 21,000} 21,000 | 35,000 1
24 44 8 10 RPM 31, 300{ 20,800{ 20,800 | 30,000 T
Hours 44 o 20 gpM 16,450; 10,500] 11,000 17.2squ4_ ] ,
After Helipath 'C" 32,000{ 20,500{ 19,000 | 24,500 [ ~
7  #4 @QI0RPM 30,600( 20,100| 18,800 | 23,600 i
Days . - | T
::m.—&:egﬁﬂ:m._ ...‘.:r_';:iL-]6 OSU lo’J :9" 950 ‘ "‘_2,1’00 — = !'::‘_ ':;:#,‘.
Aftar Helipath “C" i 3#,00#»22.000 20,C00 | 24,500 |
14 #4 0 'O RPM 33,000 23,609 19,600 | 24,200 ;
, S Sl - -+ - e e
Vays e gy RPA ' 17,55Q 12,00 10,350 12,650 ;
-+ ¥ TUR e L. RN AMMATL] . . N, LT
y Heiipath "C" . 34,50d 25,000 23,600 | 31,000 ! .
fiar A : e
30 #4 « 10 RPM . 32,200 26,60d 22,600 | 30,200 H
D3yS 44 @ 20 kPN (17,100 13,704 11,900 15,900( |
M 7.7 1 804 7.9 | 1.9
—NQTES:




TABLE XI
| CARBON SUSPENSIONS
,_ DARCO KB CARBOR UDlESr?DERSANT EVALUATLON o
| FORMULATION NO. 148 155 156 | 158 162
CONPOSITION BY/WT. Actual Wt.
[{ .Carbon DARCO K8 300 g | 300 g} 300 ¢ | 300 g | 300 g e
£
4 ;hixgtrope (1) Bentonite &9 6gl 649 64 6 g
(2) ‘ el
(3) N
(4) )
Dispersant (1) Darvan No, 2 12 9] 24 g} 36 g | 48 g 60 g
(2) | .
{3 -
(4) }
P4 guent 1100 Yeliow 60 g| 60 60 g | 60g| 6049 e
! Corrosive Inhiditor (1) Na,C O, 6 g 6gl 649 6 g 6 g o
o . (2) _ - e ]
__Solvent, Water/Alcohol 60/40 By Vol. 856 ML | 856 ML|856 ML | 856 ML | 856 ML 4 ‘
[, MIXING TECHNIQUEL: Homogenizer, min. 30 30 30 - 30 30 :
CHARACTERISTICS
Viscosity, CP e e < e
Imeg, Helipath "C 2,000} 13,500 10,000 ! 9,000} 1,000 | _ __} I( :
After #4 € 10 RPM 6,700 | 13,300 8,800 5,106 525 o ;
T M 4 e 20 ReM 3,475 | 6,800 4,500 | 2,625] 350 i
F Helipath "C" 4,200 | 10,500 7,000 | 5,500] 500 N
] - After : e
24 44 8 10 RPM 3,800 | 10,800 6,500_; 3,300 300 -,_.«..J',N-. ‘
22:2.::.4&@ 20 RPM 2,075| 5,600 3,350] 1,750! 2501 L
After Helipatn "C” _w-_#“,, \
7 #4310 RPM ] L
Days 44 g 20 reM | B
n e =TT o — == T = - gt T. BRI
After Helipath "C % ; I
14 #4 @ 10 RFM ! : | I _
Days g4 9 20 RpM L ] b :
: ', , N e
Helipath “C* a ' ‘ | f |
After g : L ; o] L
30 #4 @ 10 RPM ! i ? .
Days 44 @ 20 koM | i | o
—— . 4 1

~NOIESs .




TABLE XI

(Cont'd)

CARBON SUSPENSIONS
DARCO KB CARBON - % DISPERSANT EVALUATION

FORMULATION NO. 157 143 159 160 163 -~
COMPOSITION BY[HT. Actual Wt.
Carbon  DARCO KB 325 g{ 325 ¢ | 325 9| 32591325 ¢ e
;%pjxotrope (1) Bentonite 6g | 6 g 6g|l. 64 6 g
(2) B
(3)
-.....4';_ e
(4) j
Dispersant (1) Darvan No. 2 12 gf 24 g 36 g 48 g| 60 g _
(2) . -
{3)
(4)
Pioment 1100 Yellow 60 g/ 60 g} 60 60 60 g
Corrosive Inhibitor (1) Na,C 0, 6gf 6g 6 g 3 6 g L
. (2) B
Solvent, Nater/Alcohol 60/40 By Vol. 856 ML|856 ML| 856 ML|{ 856 ML| 856 ML
MIXING TECHNIQUE : Homogenizer, min. 30 30 30 30 30 i
CHARACTERISTICS
Yiscopity, P e e it o e e e e
‘Imq. Helipath “C" 129,000} 25,000{14,000 113,500 |13,000¢ .,'r__,,m;_.
After #4 § 10 RPM 24,800{22,700}1:,900 {10,460 | 7,450 ~'—i
Mx 44 0 20 rom 14, 800] 12,200/ 5,925 | 5,325 3,925 .
After Hellpath “C* 22,000] 21,000/ 10,000 | 9,000 7,500 J‘ _
24 £4 © 1Q RPM 21,500} 20,000 8,900 | &,800] 4,450 i
Hours §4 9 20 RPM II,950| 11,000/ 4,550 | 3,575! 2,500
After llelipath < L
7 #4 © 10 RPM —-i
Days 44 0 20 ReM L N |
Ater Helipath 7C - ; | _1 o
14 #4 6 10 RPM ! | | , I ]
Days 44 o 20 RPN T ! R A A
o - A —————— b’ ? i , WWONRE . .. we e
Heiipath "C" 1 ! R |
Aft.r . M T - ——— e e —n —
30 #6 & 10 RPM ' ! ' .‘ '
0 + t + —t -
A3 4 ¢ 20 RPN | = | % o
o | ’ { | ' L.

~NAIES.
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TABLE Xl

CARBON SUSPENSIONS |
DARCO KB - [NHIBITORS .

.

‘FDWLATION NO. ' 101 102 108 )
COMPOSITION BY/WT. actual Wt
Carbon  DARCO KB ' 300 g | 300 g} 300 g
%ﬁnixotrcpe (1) Bentonite 12 g 12 g 124
(2) .
(3) L
PSS SN
(4) ;
Dispersant (1) DAXAD 11 12g] 12g] 124 i
(2) . B
{3)
(4)
Pigment 1100 Yeliow 60 g/ 60g] 60g
Corrosfve Inhibitor (1) Na C 0, 6 g ) i2 g
: 2 6 g
Sclvent, Water/Alcohol 60/40 By Vol. 856 ML | 856 ML 856 ML -
MIXING TECHNIQUE: Homogenizer, min. 30 30 30 )
CHARACTERISTICS
Viscosity, Cp - —
Imed. Helipath "C" 21,000116,000} 16,000 ' l .
After 44 § 10 RPM 19,200 14,500 14,350 ] L
MX 4 0 20 RPN 9,600| 7,675] 7,400 |
After Helipath “C 21,000]16,000} 14,000 o
24 #3 8 10 RPM 18,400{13,900{ 13,000 ‘ '
Hours ST
m%:w‘ ;26 2 80&&‘ + = ke,
After Helipath “C" 19,000(16,000| 15,000
7 #4 @ 10 RPM 16,200/ 13,825] 13,750 B
Days _geo20RPM | 875 7,425 7,150 | I
after Helipath “c" 19,8001 16,000{ 15,000( 1 T
14 gaetoreM  l17,050!14,200] 13,640' { '[ﬁ
DS a4 . 40 RPM 9,200 7,650 7,751 B R j
Hel{path "C" o! ! ; R I
After P 'ZZ.QOO’ 16,000 14,000 . 3 L
30 #6 ¢ 10 RPM 19,100 15,000 13,200 ,
S Y : ? +t ¢ - -1
Day #4 © 20 RPM [rn,uoo 7,950; 6,500; I .. L
pH 1 8.8 | 6.1 { 8.0 | i
-—m‘-’ '28"‘

I



TABLE XIII

CARBON SUSPENSIONS
DARCO KB - MIXING TIME EVALUATION

— e
_FORMULATION NO. . 159 189 199 - - .
CONPOSITION BY/WT. Actua) Wt
Carbon  Darco KB 325 g| 3259/ 35g] %59 3254 _
TTfootrope (1) Bentonite 6 g 6gf 6g 6g| 649 }
(2) : e . t Q‘:‘
(3) ’
(4) B S S SN S
Dispersant (1) Darvan No. 2 6g| 6g| 369 369 364 )
(2) | e
—{3) :
(4) | ; -
Pigment 1100 Yellow 60 gl 60 g} 60 q] 60q; 60 STI_ —
Corrosive Inhibitor (1) NayCOy 69/ 6g] 6gi 6g/ 6d -
, (2 _ ? e
__Solvent, Water/Alcohol 60/40 By Vol. ml | 856 | 856 856 856 | 856 o
MIXING TECHNIQUE : Homogenizer, Minutes 30 60 90 120 ! 180 y ,‘
CHARACTERISTICS

Viscosity, CP

ined. Helipatn “C"_ 14,o.o_q+§5quﬂ%_,ogq_-.[ oA _Lm_l
After  #4. 9 10 RPM 11.900/30,000[45,000 | /- | ~L I
WX 44 0 20 ReM 5,925(22,000' 33,000 . / E 5
> ™ R . ;*‘am*z‘._:-

After Helipath “"C" 10,000} 42,000 y4 j ] ?
24 34 & 10 RPM 8,900127,000( / H e
Hours 44 g 20 RPM _4,55019,500{ /" ] | .
after Helipath “C* 8,500] 42,000 e L..-A.--“LM T

7 #4010 RPM 7,900/ 36,000 e : e '
0ays 44 @ 20 RPM | 4,250 19,600 RIS !
After Helipath "C" j 8,000; 43,000 L B .:_, I

14 44 ¢ 10 RPH _ 7,400 37,000
_JQJS . 2 i 3 825r ! ' ' R R

He.ipath "C ~ 8,500 44,0000 : , )

After N * B e S

30 _#4 ¢ 0 RPM | 8,000’ 28,500 | ‘
Days 44 5 oy ReM {4175 20,500 . TT
m-.mm# L L —-u; S SR YW Tges v--b-‘mh -

‘ P S W B O 3 | !
~—MIIES. _  Solvent Content, % 59.4 58.4 --
-29-




TABLE XIV

CARBON SUSPENSIONS
DARCO KB - PIGMENT EVALUATION

FORMULATION NO. , 59 | 206 | 207 | 208
- l pe—
COMPOSITION BY/WT. R | T
Larton  parco K8 325 g |- 325 g| 325 g | 325 g
_;I,h_t&trone (1) Bentonite 6 g 6gf 64¢ 6 g
(2) ' , . e
(3) ' |
_ 4
(4)
1) 1100 Yellow 60 65
(2) Azo Yellow 65 g .
ad Yellow/Cad Oran 56/5 ¢
(4)
Dispersant: _ Darvan No. 2 36 g 36g 369g| 369 )
Corrosive Innibitor (1) NapC,0y 6al 64q 6gl
. (2) '
Solvent, Water,Alcohol 60/40 By Vol., ml! 756 756 756 756
MIXING TECHNIQUE: Homogenizer, minutes | 30 | 30 | 30 | 3 :
CHARACTERISTICS
Yiscosity, (@ . e B
Imeq. Helipath “C" 14,000 32.ggolz§4gog ,,),ngpg_r__
After 44 § 10 RPM 11,900 | 27,000 After | 13,500
Mix 54 e 20 Rem 5,925 | 14,300 2 min. | 16,500
After Helipath “C* 10,000 | 24,000 / -/
24 439 10 RPM 8,900 /23,700 / | / |
Hours ; 4,550 11,85/ |/
| Color, | Olive|Olive | Dark
T
Wet Green | 6reen | Black | Green
I
Mumnm ir Jark
C Dry ] n ni 8lack Green | _
; v

\ A 1 h l K




3.

ACC Carbon - Petroleum {nke Based

The petroleum based carbon was suppliad by Union Carbide in granular
form. The pH value in aqueous solution measured 10.4. The surface
area is 980-1080 square meters/gram with a CCL4 activity of 63%.

As discussed in the Second Quarterly Progress Report, a 25 pound batch

of ACC carbon was ball milled for 48 hours. The average particle size
after milling was 0.7 u as determined by the Sub-Sieve Analyzer. Al-
though this particle size is slightly less than decired (1-2 ), slurries
were prepared for testing the thixotropic and dispersing agents. An
additional 25 pound batch of ACC was prepared to the desired i-2 i
concurrently with the experiments and was used to establish final
selection of ingredients.

Experiments 98, 99, 12z, 123, 124, and 125 as shown in Table XV were
prepared to test the efficiency of the bentonite, asbestos, pyrogenic
silica and microcrystalline nylon as thixotropes. As the results show,
bentonite was the most efficient thixotrope by giving the highest
viscosities. The data also shows the effect of particle sizes on both
the viscosity and stability during storage. By comparing experiments
99 and 122 it can be seen that slurries prepared with ACC carbon with
an average particle size of 1.4 u remains more stable during storage
than those prepared with 0.7 u carbon particles.

After selecting bentonite as the best thixotrope with ACC carbon,
slurries were prepared to evaluate each of the dispersants. Results
are shown in Table XVI with carbon loadings of 36.3%. Experiment 127
using Marasperse CB gave the lowest viscosity with ACC petroleum based
carbon and was used in further evaluation.

It should be noted that results reported in Table XVI were obtained
using ACC carbon with an average particle size of 0.7 y, all of
which show unacceptable stability. This series of experiments to
select the most efficient dispersant was re-run using ACC carbon with
a particle size of 1-2 u.

To prepare the desired particle size, a 25 pound batch of ACC carbon
was pulverized using the Mikro-Pulverizer and then ball milled for
4-1/2 hours. The average particle size after milling was 1.10 u as
determined by the Sub-Sieve Analyzer.

Using Bentonite as the thixotrope, slurries were prepared tc evaluate
the various dispersants with the ACC carbons. As shown in Table XVi,
Nopcusant K dispersant produces an unmixable slurry, thus was eliminated
from further consideration. Experiments 167, 168, and 169, shown in
Table XVII, were conducted to investigate the most efficient dispersant.
Although Marasperse CB gave the lowest viscosity, Experiment 167, with

a carbon loading of 36.3%, attempts to raise the viscosity by additional

~31-
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carbon were unsuccessful. Carbon loadings over 36.3% result in the
formation of heavy glue-like texture that would be impractical to
spray. Dispersants DAXAD 11 and Marasperse CB produced slurries
that form the gel-1like suspension after 24 hour storage.

By comparing Experiments 167 and 169, it can be seen that DAXAD 11
dispersant produces a slurry that increases in viscosity during
storage, whereas the Darvan No. 2 slurry will decrease during
storage. Since a decrease in viscosity during storage is more
desirable for a spray application than is an increase, the Darvan
No. 2 was selected as the optimum dispersant,

After selecting the Darvan No. 2 dispersing agent for use with the
ACC carbon, Experiments 180, 181, 182, 183, and 186 were conducted
to determine the optimum percent. As shown in Table XVIII, slurries
containing 2, 3, and 4 percent of Darvan No. 2 gave no significant
decreases is viscosity, however in order to produce a thixotrope
capable of holding 36% carbon in suspension, it was necessary to
increase the thixotrope (bentonite) content from .45% to .67%.

These results are also charted in Figure III,

Tabie XIX show results of evaluating sodium chromate and sodium
silicate as corrosion inkibitors in the ACC carbon slurries. Al-
though the sndium chromate resulted in a higher pH, the sodium
silicate suspension gave a higher degree of stability during storage.
A preliminary selection of siduum chromate was made based on the
higher pH, however additional storage data proved sodium silicate to
be the superior corrosion inhibitor.

The effect of additional mixing times was next evaluated on the ACC
suspensions. As shown in Table XX, additional mixing produced the

least changes in viscosity of the four different based carbons
evaluated. After three (3) hours the increase was c¢nly 6,000 centi-
poise with approximately 4% of the solvent being lost due to
evaporation. Here again the gel-like structure was furmed after 24
hours storage with the thirtv (30) minute mixing time. Unlike any of
the other carbon suspensions tested, mixing time with the ACC suspension
can be used to produce a viscosity desirable for spraying.

ACC carbon slurries containing sodium silicate as the corrosion inhibitor
show a very high degree of stability. As can be seen by Table XXI, ACC
suspensions prepared with sodium silicate do not change in viscosity
after static storage for 30 days and longer. Similar suspensions pre-
pared with sodium chromate show a sharp drop in viscosity during a 30

day storage time, Although the pH value is slightly lower in suspensions
containing sodium silicate, {~ 8.0) it is felt that the high degree of
stability is the more important property.
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TABLE XV

CARBON SUSPENSIONS
ACC CARBON ~ THIXOTROPES

FORMULATION NO. 98 99 122 123 124 125 e
COMPOSITION BY/WT. Actual Wt.
Carbon  AcC 4oo's | 480%g | 4803 | 4803 | 4803g | us0’g| o
Thixotrope (1) Bentonite 6g 6 g 6 g ’
) (2) RG-2hk 69 N
{3)__cok-84 69 4
(4) Nylon-6 (Powder) 69
Dispersant (1) DAXAD 11 129 129} 12g 12 g 12 g 12 g
(2) Darvan No. 2
—{3) Marasperse CB
{4) Nopcosant K -
Pigment 1100 Yel low 60 g 60g| 60g| 60 g 60 g| .60 g B
Corrosive Inhibitor (1) Na,Cc O, 6 g 6gl 69 6 g 6 g 6 %
) (2) .
Solvent, Water/Alcohol 60/40 By Vol. 756 ML|{756 ML| 756 ML|.756 ML| 756 MU 756 ML .
TMIXING TECHNIQUE : Homogenizer, min. 30 | 30 | 30 | 30 ! 30 } 30 |
CHARACTERISTICS
Viscosity, CF S e
e, elipath 7C 7,000]13,000] 13,000 8,000 | €,000}4,000 y |
Aftar 94 0 10 RPM 5,500}11,700| 8,500] 4,500 [ 4,000] 2,200 —
MIX 4 0 20 RPM 2,800] 6,100/ 4,650, 2,450 | 2,150 1,250 &
After Helipath "C” 6,000} 12,500] 25,000{19,000 | 11,000 9,000 3
24 44 ¢ 10 RPM 5,300! 11,000| "18,000{ 16,100 | 6,700} 6,700 o
Hours 44 0 20 RIM 2,750 5,825 9,150{ 7,950 3,450 3,250 _
Afer Halipath “C” 6,700} 12,500] 23,000| 19,000 | 10,000 8,000
7 44 © 10 RPM 5,300| 11,200 17,200{ 16,000 | €,775] 5,300
Days _d4.@ 20 ROM 2,775/ 5,900] 8,700) 7,950 | 3.350] 2,700 i
arter Heiipats “C” 7,000] 13,000, 27,000] 19,000 | 10,000, 8,000 | |
14 44 ¢ JORPM 5,500} 10,500, 19,00’ 14,850 ; 7,100{ 6,200 1
Days s 9 40 Rew 2,850, 5,600 10,100 7.60% " 3,5501 3,200 ]
S0 AR Ryttt S S
Aftar Helipath “C* 2,000| 12,000]_34,000] 30,000 ; 1¢,500,33,5€3 N
30 44 € 10 RPM 5,700 10,4000 27,200} 23,200 $,300{10,450 |
Days 44 20 RPYM 2,900/ 5,650 14,0000 12,500 | ,625] 5,150 O
pH 11.0f 10.8{ 5.2 1 9.2 | 9.3 | 9.2

~NOTES: ___ 1. Ball milled 24 hours - Particle Size Average 1.65 . in 1-2 1b. batch size
2, Ball milled 48 hours - Particle Size Average 1.40 & in 1-2 1b. batch size

T et ot . e

3. Ball milled 24 hours - Particle Size Average 0.70 u in 25 Ib. batch size

T R SRR




PROLE NV

CARBON SUSPENSIONS

ACC CARBONS - DISPERSANTS

— e e - - e pem e
FORMULATION NO. 122 | 126 127 | 127-A | 128
— RS L | f 128 —
com)o /
.- SITIN BY' WT. Actual wWt.
Cabon  ACC 480 g | 480 g} 480 g | 528 g | 4B0 g 1
Thixotrope (1) Bentonite 6 g 6 g 6 g 12 g 6 g l
s ‘ e
{2) B .
- (3) 1
(4) -
Dispersant (1) DJAXAD 11 12 g il
(2) Dparvan No. 2 12 g .
(3) Marasperse CB 12 g 12 g ,
{4) Nopcosant K ' ‘ 12 g
Pigment 1100 Yellow 60 g|{ 60 60 gy 60 g| 60 L
Corrosive Inhibitor (1) Na,C 0, 6 g 6-2{ 6ail 64 6 g
. . (Zl . . i
_Soivent, Water/Alcohol 60/40 By Vol. 756 ML | 756 MUY 756 ML |'756 ML! 756 ML R
MIXING TECHNIQUE: Homogenizer, min. 30 30 30 |. 30 30 - o
CHARACTERISTICS
Viscosity, OR . S
Imed. Helipath "C" 13,000 134,000 2,000 [—38,000 ) l —_
After #4 @ 10 RPM 8,500 [28,800 900 | 19,000 e
MiX g4 20 reu 4,650(15,300| 5751 10,350 T
ey HOH | ’ o
After Helipath "C zs,poo 22,000{ 1,000} 17,000 T'
26 #4 8 10 RPM 18,000(18,350{ 500! 7,950 N
Hours 44 ¢ 20 RPM L 9,0501 9,600 3250 4,700 | .
. [IFad 1} 1 ] ! ==
After Helipath 'C 123,00014,000 500 7,00(1___?%__“*____#_-_ i
7 #4010 RPM 17,200110,850] 250} 3,700] 8 o B
s e a0 8,700| 5,700/ 175! 2,300, 3,
) MO TIEON - ! I A lﬁ ' 0 — O T wT j..
afrer Helipata G i2,,000;12.000 00 6, ool 58 o
14 #49 WO RPM (19,400! 9,950 200) 2,9000 '35 ;
Yays 44 9 20 RPM J0,1000 5,050, 1750 1,800 8}
‘ Helipath "C" ) 134,70970*&5599*'_____50& 7,003} i TL__ :
Azger #4 @ 10 rOM :27,200:12,000! 3001 3,700 Bl ,
: ; ‘ B
Days 44 0 20 R {14,000, 6,i500 225 2,250 |
P =S = = t = + DA
PH . | 9.2 9.3 i 9.2 : 9.3 i o
~NOTES: .. FORMULATIGN MADE WITH .7 . CARBON
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TRDLE AV
CARBON SUSPENSIONS ,
ACC CARBON = DISPERSANTS ... ... _ .. o e
FORMULATION NO. e 168 169_,__}”__‘ _.a.i_.,... L
(COMPOSITION BY/WT. Nctual WE.
i ]
Carbon ACC _ 480 g| 480 g | 480 g| | I
Thixotrope (1) Bentonjte 6g! 6g 6 g B
C . g R
. (2) SNV SO SN SIS
(3) | |
- r ‘ M-T.—"
(4) - ; HE—
Dispersant (1) DParvan No. 2 12 g e
(2) Marasperse (B 12 g | ]
(3) DAXAD 11~ 12 g, ' |
- (4) Nopcosant K i -lElimindted - (Hef Fornulationi 128)
M !
Pigment 1100 Yellow 60 | 60q] 60gf | |
Corrosive Inhibitor (1) N3,C 0, 6 6 g 6al | -
‘ @ . S 4 i
- Solvent, Water/Alconol 60/40 By Vol., mi | 756 | 756 | 756 B o
MIXING TECHNIQUE : Homogenizér, minutes 30 30 . 30 K T -i »
CHARACTERISTICS . \
Viscosity, CP Coe 4 _ T
[med. Helipath "C* 113,000} ILS.OO} 10,000 ' _ f
After #4 @ 10 RPM ! 8,000{ 700i 7,k00| ____M_i____ 1 I )
Mx s e 20 ReM | 43500 475 4,000 T T
wen i N , T
After Hellpath "C" | 9,000] 1,000 12,0000 | i L
24 #4Q 10 RPM . 5,600] 5000 10,450, L - i
Hours 4apooeM. . ¢ 3,000 350 s.kso | | -A
after - Helipatn “C" [ b0l kool 13,500 L
7 #4 @ 10 RPM 1 2,950 300! 10,300: ' ’,
Days M o v N ST o __.T_.-,_...__.T_».
e HG @0 RPM o L750, 225 5,350 . .
after Helipath “C* L 40000 300 15,000 oo
4 #4010 RPM | 2,k50 250 11,500 . :
Vays  J4 @O RPe. . . 1,500 200 5900 L
Helipath "C* = § 000 15,000 .
After O A T
50 #4 @ 10 KPM 2,850 OV iL,600
Cays 44 2 ¢y RPH 1,700 7,400
- = X RS Sl 2 LW L TE Ly ToT I St - R Ll F—
| o 191 193 %2 ] i
_NOTES- Formulations prepared with |.10 _ carbon.
L J




TABLE XVIIi

CARBON SUSPENSIONS
e mowowo.BCC CARBON - PERCENT DISPERSANT S

L S ~L~ 183 | 186 |}
ST . LI L

Actual Wt.

FORMULATION NO.

COMPOSITION BY/WT.

Carpon A‘_A(‘:_C__d‘__ . L80 g| 4B0 g | 480 g| 480 g 480 g

* Jhixotrope (1) _ Bentonite 6gi _6g 69 6gl 9.9/
-~ (2) |

(3) S

(4) ‘ ‘ N

Dispersant (1) Darvan No. 2 4.2 g%w_guﬂg«L_mig 48gl 2b g L

\ (2) ' | o

» _m .-

(4) | N

Pigment 1100 Yellow [_60g 60| 60 60 g 60 g
Corrosive Inhibitor (1) Na,C 0, 69l 649 6 g 6 g 6 g
. A — .

_Solvent, Water/Alcohol 60/40 By Vol., ml | 756 | 756 | 756 | 756 756
MIXING TE—CHNIQUE: Homogenizer, minutes 30 30 30 30 30

e ——

CHARACTERISTICS
Viscosfty, @

U
. helipath "C" 1 v,000] 1,800] 1,500 | 2,000 [ ,000 |
Ined, == RO TRET TP . B eSS4 W
After 44 @ 10 RPM_ | 8,150, 900] 900 | 12250 | 5,250
Mx —al0 2o rem | 4,650, 650; 625 ¢ 825 3,225
o linaen wEn | T ) T
After Melipath *C* 17,2000 700] 80 1,000 ko000 } .
24 #4 © 10 RFM | 4,400 500, _ 500 | 625 2,300
Hours \ . t : ST oo T
RS T/ 2,830, 375t 375 k75 1,500 |
After Helipatn “C" ‘

7 #4 @ 10 RPM ?

Days ) i ‘ !
4 @ 20 RPM : ! : : e

Pataathrl i '4'..—_.—::::‘:31:—:::—:: T S ETRTT R T TI I T T I _.__._.f'__ B =i ;?’:"""‘.t': bl .'dL" R .—_T:_.: EPUREIS

Helipath "C" : M

Mtar SN S S SR

14 #4 9 10 RPM | f ; :

. -= . o - - . B R e R -v—~—--f--—-« v —f.,- . B _.T.ﬁ-.. - o - - ——— _.f PR . .
*u“ys . _"A;': _é_'. .‘Q“R'F‘E'" g — el D3 :_"‘_‘.'.‘:.::l'_":::..- > SRR JES [ IS 3 LN ‘\‘i‘r 3

Melipath “C° ' ' ‘ '

Afger B T U WU SN U -__.- - - :t.-« - - ——

30 #6 o (u RPM ‘ ) 4“

Days g4 ey wPM ‘ | ’ ’

. i
== === = R e S s e i g B ? ) o

P _ SN U RN SR O |

~hOlES. Formulations prepared with 1.10 . carbon.
_:;D_
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FIGURE 3 = EFFECT OF % DISPERSANT ON ACC CARBON SLURRIES




TABLE XIX

CARBON SUSPENSIONS

ACC CARBON - CORROS[O_N INHIBITOR

R, ~ BLULLA TS —
FORMULATION NO. 186 | 187 [ I L
e e e 2o - e oo ISR S 4 - o -
CONPOSITION BY/MT. _ Aetual M.
Larbon  ACC - Moo 4809 . _ | S
Thlxotrope__(_u__ Bentonite 9g! 93 - ﬂl\ e —
_ {2 e s e S S
( 3 )... o P . _Jr.. - "‘J?
(4) —— _ A N S
Dispersant {1) Darvan No. ° _%u_lﬂvﬂv. 2h i+ 1 -
_(2) . o IS U S
(3) ' ——
(4) I -
Pigment 1100 Yellow | 60 q] 60 g — | -
Corrosive Inhibitor (1) N3,C 0, i giT 4
@S0y L 6 L L
Soivent, Water/Alcohol bO_/}Q_Qy_ Yol ml | 756 | 756 | S .
_MIXING TECHNIQUE : Homogenizer, minutes 30 30 .F T
g,tjAg{\LTERISTICS .
Viscosity, CP o \ | - iR ‘
bec  Helipath “C S { 9,000¢ 6,000 | Y l
After #4 @ 10 RPM -% 5,250} 3,300 _ y S R i
Mix N ! ’ |
#4 © 20 RPM '3, 2251. 2,‘000J i , X
Helipath “C" " 4 oool |- i 4* M o et
After 0000 5,000 L f
26 44 @ 10 RPM 2,300 3,650, . 1 1 ‘_ .
HOurs 44 1 20 RPM (5000 2,300 L e
Afrer Helipath °C7 1,500/ 6,000, Ao .
7 #4 010 RPM 1,100; 4,500] | B L _
95 46 e 20 RPM 850 2,750, f | |
.__._“ _“ o w— ‘—:-j.,:?..-"' 1.":$6_«—- A "‘.’_'JT - = g JEER-LroN f
After Helipath “C . 1,000 600 L -
6 4R 0RPM 350_,"__200 L T
‘id:ys_; .- -‘4 "\" 3P piibele i lhain gt 79(.) _?__12._9 S NEd ¢ eSS ‘.;. S e
Helipath "o" 1,000 6,000 ; |
After T . Tt = T
- o3 v 1 ROV 805 4,500 i
AT LR 700 2,80C | ‘
"*—'!P:c-““-‘—' T LN S T LS IR T SR AT R TRl ..“_z::t: et ot ':f..:*r EaRs o o TR e
LI~ L83 80 A
~AaulkSL . Particie Size 1.10
. -38-




>
TABLE XX
i CARBON SUSPENSTONS
. . __ .. ..ACC CARBON - MIXING TIME EVALUATION - ) :
FORMULATION NO 186 190 198 { 200 202 l 1’
| ! |
{ : ; | !
‘COMPOSITION BY/WT. | o pcual Wt 0|
: i | : E ‘
Cabon ACC | 480 g 480 g 480 gl kB0 g (B0 g 1 o
mep_tropg (1) Bentonite S 991 9 g+ 99 i 9 ~9___’_" 7
_ () | 3 SSSR RUS R Loy
7 | ﬁ ; , P
__$_3_)_._,.__-.-.-_.._.___._1 ..... ! S 4 R T A
(4) | . DU I SR S
- —— | » e
Dispersant (1) Darvan No. 2 poothg sy Zhg g g L I
(2) _ i S IS S B i
o) - RN
_.(4) —d | L e
Pigment 1100 Yellow L 60g 60g 60g 609g' 60g: ;
; - r T e
Corrosive Inhibitor (1) Na,C O | 6 q 6gf 69 69. 69 | ___4! -
@ . ! N NS U SO S
Solvent, Water/Alcohol 60/40 By Voi., _mll ~7_(1_+ 756 756 756 iy 756 - “;fl‘“"
"MIXING TECHWIQUE : Homogenizer, minutes | 30 { 60 90 L 120, ) 180 | ¥ : ‘
_CHARACTERISTICS
Viscosity, CP - - ,
Imec. Heiipats "C” _ [ 9, ooo) 8 oooi 10, sooln 000 'i6 ooo; .
After #4 € i RPM __' 5, 2504_5 250 6,603@,7 100 ; 8,800 +
X ge v 20 ReM L3225 3, 200! 4,000 4,350 5,300 :
After ﬁg.ﬁi_p_ayh__f'__(,“ ] " 4,000] 4,500 7,000 6,000 !10,000 |
24 24 0 JORPM 2,300 ]00- 4,200 3,400 ; 6,100 ; .
hours ALB 20BN, 1500, 1 1800, 2,700 2,300 3, 900;
Afrer Melipatn “C* _ ,5ggt 2,000 _ 3,800, 5,000 7, oooI
7 45 @ 10 RPN i i \__,‘_\Qor,l_l__,sgg, 2,350 3,350 _4,i50 “
Days 5 1 ‘ T T e *-
VS 44 QRPN 850, 1,100 1,700 2,400 2,775
After Helipath “C" 1,000 1,500 2,500 4,300 5,00 :
Vo 44 ¢ 10 RPM . Bso_ 1,100 1,500 2,800 3,507
WS e P4 L, 100 900, 1,450 1,075 15
fop ebipath " 1,000 1,500 3.000 6,005 6,33
" s e iu RPM B0 1,300 2,190 3,73 5,900
Days 4 o cu RPY 706 1 oso 1,628 2,70 1,8ul
I TRAE . RIS ARSI -'*"—'—'—;_t—:::.;“:‘ - S 5 =
L8330 4 50 o
TSRO Solvent Lontent, < - _,_5_ o -
! Particle Size: .10 . . S3G.




TABLE XXI

CARBON SUSPENSIONS
ACC CARBON - CORROSION INHIBITORS

FORMULATION NO. 186 | 190 67 | 211
’ - - - ) 1
CONPOSTTION BY/WT. Actual Wt.
Carbon  ACC | 470 g |
Thixotroge U_)_ Bentonite 9 g 99 4 99| 99 991 ; )
. | i
_(2) I VI TP S T T t s,".‘.,‘
(3) I
.1._,- PO S 4{ .
(4) _ - S U SR
Dispersant (1) Darvan No. 2 24 g 24 g 2hb g| 2bg 214__.“ ]
(2) I anntERt ety SRR
- {3) -
{4) R . e
Pigment - 1100 Yellow it 60 g 60 68 g, 68 ¢ 66 ]
i ¢ T
Corrosive Inhibitoﬂl Na, €9, i 6 g] 6 t a
Na i ! T
_(2) NS0 ! b9l 6 6 ]
JSolvent, Water/Alcohol 60/40 By Vol. | 756 | 756 | 756_| 756 | 756 | | ]
MIXING TECHNIQUE : Homogenizer, Minutes | 30 60 30 30 |
-
CHARACTERISTICS
discosity, CP : oy L . o]
Imed. Helipath "C" | 9,000} 8,000 ! 6,000 | 6,000 4»2'50.0».-%- o ; |
After &5 0 1JRPM 1 5,250 5,250 | 3,900 | 4,000 1,425 ) '
Mix A 1 J’ |’"'""—_;L'"‘"" s v R SR
_#4 ¢ 20 RPM ©3,225§ 3,200! " 2,400 | 2,350 ] 850 :
e s + it R
Afer FelipatnC | w000[eb,500[ {6,000 6,002,500
24 43¢ )G RPM 2,300 2,700 _. 4,000 1 3,900 1,400 |
t‘_ﬂ‘i’i 24 8 ¢U RPM . 1,500 1,800} f 2%3_99“; 2,300 850 *_-____4_ -
After Helipath “C {1,500 2,000 |6 OOOL 6,000 {1,900
7 #9010 RPM C 1,100 1,500] {4,500 3,850 | 1,000 |
Days . . T T PR SR e A
YA 44 e o RPM . 850. 1 100! 2,750 2,300 | 600
-_]‘ t?h:“' .": BN bl "’."“_#’ '__# mm= ':.‘: - S 500 F ‘ C T - . hd
csper Helipath "C" 1,000 1 504_ . °°_°., X0 906 | L
e #50 CRPM L 850 1,100, 4,400 3,760 {1,000
S s g0 RN 700, 900 2,i25 2,300 650 |
LTI LN ST BRI el Mg G- Riicis sioprgohbo SRS~ - . B e Rt R Y -
Helipatn "C" ~_1,000 1,500 6,000 . T 1 -
fter - e e e e b e T
3 54 ¢ iU RPY 400 1,300 4,500 | !
Y4YS  g4 v 20 RPY 700 1,050 2,800 T T
vt S ol i”**‘*—*'—'—-—'"”’:—:.—_*lk—'mﬂ TWITLTEY L TUTETE ::?-’:."!-..-.zr.:rz—:‘.‘.'."wz'w = - W . ~ -y
R L . .«,_._.__*._-;.,_ﬂ,_»;_.w;__u&-__i,ﬁ_uo_i ..... LBy f‘_gml 6.0 | N
S ALTAS farticle Size: 1.0 . '
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Based on the results discussed above, using the ACC carbon, the

following selection can be made.

Ingredient

Actual Weight Percent Formula Wt.

Carbon: ACC 470 g 34.99
Thixotrope: Bentonite 9g¢ .67
Dispersant: Darvan No. 2 24 g 1.79
Pigment: 1100 Yellow 78 g 5.81
Corrosion Inhibitor: Sodium Silicate 6g .45
Solvent: (60/40 Water-Methanol) 756 ml 56.29

Mixing Time:
Typical Viscosity at 24 hours
after mixing

pH Value
Carbon Particle Size

Thirty (30) minutes using the L-1 Laboratory Homogenizer

6,000 cps Helipath
4,000 cps #4 @ 10 RPM
2,300 cps #4 @ 20 RPM
8.0

1.1 u (avg.)

UU Carbon - Coconut Shell Based

The coconut shell based carbon used for this evaluation was supplied by
Barnebey-Cheney Company in 50 x 200 mesh size particles. The pH value
measured 10.4 in aqueous solution. The surface area is 14-16,000
square meters/gram with a CCL4 activity of 100%.

In order to perform the required number of experiments, a 50 1b. batch

of UU was ball milled for 16 hours. The average particle size as
measured by the Sub-Sieve Analyzer was 0.7 u. This carbon was used

to prepare suspension for testing bentonite, asbestos, pyrogenic silica
and nylon thixotropic agents. As the data in Table XXII shows, bentonite
gave the highest viscosities and is considered to be the most efficient.
In considering particle size and their effect on viscosities, experiments
100 and 129 show that it is possible to attain a much higher carbon
loading with 1.2 u than 0.7 u. Also, the viscosity of the slurry con-
taining the 1.2 y is lower and more stable than the one containing the
0.7 u carbon. Additional UU carbon was milled to the desired 1-2 .
particle size and used in making finai selection of materials.

With bentonite being the most efficient thixotrope with the UU carbon,
suspensions were prepared to evaluate each of the dispersants. Experi-
ments 129, 138, 139, and 140 shown in Table XXIII give the results of
this evaluation. Using a carbon loading of 32.2% ?paricle size 0.7 u)
in each experiment, Marasperse (B appeared to give a better dispersion
of carbon particles indicated by the low viscesity. Considering the
effect of particle size an percent carbon loading, viscosity and
stability, this series of experiments performed to select the most
efficient dispersant was repeated using UU carbon with a particle size
in the 1-2 u range.

-41-
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A 25 pound batch of UU carbon was pulverized using the Mikro-Pulvericzer
and then ball milled for 4-1/2 hours. The aveirage particle size as
measured by the Sub-Sieve Analyzer was 1.50 u. Having selected
bentonite as the most efficient thixotrope, suspensions were prepared
to evaluate the dispersants. Here again as Table XXIII shows, the
Nopcosant K dispersant gave unsatisfactory dispersions and was
eliminated from further study. Experiment 161, 164, 165, 166, 170 and
171, listed in Table XXIV show Darvan No. 2 to be the most efficient
dispersant. Using a carbon loading of 31% (particle size 1.50 u)
Darvan No. 2 appeared to give the best dispersion with the Towest
viscosity.

Experiments 166, 170 and 171 using a concentration of 2% Darvan No. 2,
show that a maximum carbon loading of 34.8% is possible for this
particular dispersant.

After selecting Darvan No. 2 as the dispersing agent with UU carbon,
the optimum percentage of this dispersant was next evaluated and is

shown in Table XXV. As this series of experiments show, additional

amounts of dispersant over 2% had very little effect on viscositiss.
These results are also shown in Figure IV,

Experiments shown in Table XXVI were conducted to evaluate sodium
chromate and sodium silicate as corrosion inhibitors. By comparing
Experiments 170 and 179 it can be seen that suspensions prepared with
sodium silicate had much higher viscosities than did the slurries
containing sodium chromate with only slight increase in pH vaiue.
Sodium chromate was selected as the corrosion inhibitor.

The effect of mixing time was next evaluated using a 2% concentration
of Darvan No. 2 dispersant. Results listed in Table XXVII show that
increases in mixing time give corresponding increase in viscosity.

It appears that a mix time of sixty (60) minutes will be sufficient
to provide a uniform slurry that will form a gel-like structure after
24 hours and will hold the 34.8% carbon in suspension.

Table XXVIII show results of evaluating various pigments to produce
an olive green. Concentrations up to ~ 5% of the cadmium lithopones
ave a gradient from dark green to black. Approximately ~ 5%
?4.95%) of the Mapico 1100 yellow gave the desired olive green.

Although suspensions containing 34.68% UU carbon have been prepared
and are sprayable, stabilization of viscosity during storage remains

a problem. Unlike the CWS, where the viscosity tends to raise during
storage, the UU suspensions show a sharp decrease during the first

24 hours after mix and continues to drop during storage. Although

the thixotropic gel will hold the carbon in suspension and is stable
from that standpoint, attempts to stabilize the viscosity ower 30 days
and longer storage were unsuccessful.
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TABLE XX11

CARBON SUSPENSIONS
UU_CARBON - THIXOTROPES

. e
FORMULATION NO. 00 | 129 | 130 | 131 I 2 | 1 ;
COMPOSITION BY/WT. actual Wt. ! ;
Carbon yy woo'g | 350%g| 350% | 350%g | 350%g o

3Inimtmg (1) Bentonite 6.9 6 g ! ; ) '

(2) RG-24b T N N R S
(3) cok-84 69 J_. } .
(4) Nylon-6 6 g _i.__ 3
Dispersant (1) DAXAD 1! 12g| l2g] 12gf 12g; 124 o
(2) parvan No. 2 __m_i_w
{3) Marasperse (B |
(4) Nopcosant K I
Pigment 1100 Yellow 60 g| 60gl 60g| 60g| 63g T
Corrosive Inhibitor (1) Nazc,o-‘r 6 g 6 9% 6 g € g 6 g T
( ) Na,s. 03_ b - l
Solvent, Water/Alcohol 60/40 By Voi.  |75€ ML | 756 M| 756 ML | 756 ML 756 ML! o
MIXING TECHNIQUE: Homogenizer, min. 30 30 | 30 30 ) 30 _t
CHARACTERISTICS
Viscosity, &0 S S
Immd. Helipatn “C" E 000 118,000 | 15, zoo[ 13, oooln 000 } 4 i
After 44 § 1G RPM 113,500 16,200 | 14, 800T 12,900 10, €30 ‘._-___J_,_
Mix ¥4 o 20 RPM T ,900] 8 k00| 7,900 6,450] 5,525
after Hellpath "C ‘15 000 21,500 13, ooo' 16-;09?%13 700 | r
24 4.9 10 RPM 170,800]19,300] 17,8001 15,500, 013,000} |
Hours  4a @ 20 geM 15:650[ 9,350 9,b001 7,800 6,800 —
after Halipath “C” 18,000 (28,000, 18,800] 21,000 14,000 ;|
7 44 @0RPM 14,400 |22,400| 17,550 18,300 13,800 | 4___ .
_J4 2 20 RPN 7,400 11,700 9,350] 9,450 7,225 | '
— s =3 - == RS TR
After Heﬂpath % 420,000 33, oooT 18,000, 21 ooo+_mo_4_ ______ -
4 480 J0ORPM 115,000 zs 400, 16 900. 16,500 12,900 f
W w07 as0 8,9501 8,800, 6,750 ] .;T :
After Helipath "C" _w_lgg,ooo 41,000 17,000 23 00 13 uOO o ’zj.:j_ N
30 4 ¢ 1U RPM ‘rs z.oo-za 400 16, som 14,100 12, 73C ‘
s g4 9 20 wem 9,500 15,200 8,900] 9,000 6!);,-.“ T
________ pH HOZJ 944 961 SE v | !
~MOIES: 1. Ball mill 64 hours - Particle Size Average 1.2 i-2 e vatc s:u: o
2. 8all mill 16 nours - Particie Size Average .~ 50 o satin s e
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TABLE XX!11

CARBON SUSPENSIONS

UU CARBON - DISPERSANTS

—
FORMULATION NO. 129 138 | 139 140 b
COMPOSITION BY/NWT. Actual- Wt.

Larbon  wy 350 g{ 350 gy 350 g | 350 g N
Jhixotrope (1) Bentcnite 6 g 6gf 69 6 g
i
(2) A,
(3)
{4)
Dispersant (1) DAXAD 1l 12 g )
(2) mMarasperse c8 12 g )
_(3) Darvan No. 2 12 g
—{4) Nogcosant K 12 g .
Cioment 1100 Ye'low 60 gf 60 60 gi 60 g 4
Corrosive Inhibitor (1) Na,C O, 6 g 6 6 g 6 g L
. (2) g

__Solvent, Water/Alcohol 60/40 By Vol. 756 ML| 756 MY 756 ML| 756 ML ‘
MIXING TECHNIQUE : Homogenizer, min. 30 30 30 30 q
CHARACTERISTICS

Mscosity, @ = e g e g e s e e iy
meq. MHelipath "C" 118,000} 4,000} 5;70.94[_.35,9004_ SRS SN AU
After 44 § 1C RPM 16,200f 2,800 7,300f29,000 | | i 1
Mix . e 20 rem 8,400] 1,500! 3,900/ 14,900
After heilpath “C' 21,500| 3,500| 6,000]29,000 T
24 #4 8 1Q RPM 19,300{ 1,800; 4, 70019,700 o
Hours 44 @ 20 RPM 9,350, 1,000f{ 2,425{12,300
prter Holipatn “C" 28,000| 2,500] 4,000{21,500 - -

7 #4 @ 10 RPM 22,4001 1,500{ 3,000{18,000
Days 44 0 20 RPN 11,760, 850] 1,600 10,600
LT - f g e L :;mz‘rz—-:-a::“_,.,..._’ ol -t A v —“‘r-—:"“—_'_’ —'mﬁh—:*“-":;AF: -
After Helipath “C" 331000; Laoo,{ 4,000 19,000 " { .

16 #4810 RPM 25,400 3,600 2,700 16,500 , ,[
vays ‘ T 4 A
- oze =44 4. 40 R2H 213,250, 950, VM5 3,300 e

Heiizath “C¥ 41,000 5,000, 4,900;17,000 T a

After T + - + ‘ — ot

30 46 ¢ 10 RPM 126,400 2,000 2,700} 16,400 | ‘ :
Days ., o~ oo ’ e S S

go ¥ 20 niM 16,200 1,150 1,500' 3,95G

) . o oo FRy— . o

U - S 3.4 954 9.5 | 9.8 i

~BOLES. . Savicir size 0.7 G4




TABLE XxIV
CARBON SUSPENSIONS

'UU CARBON - DISPERSANT EVALUATION

FORMLATION MO e | ew |65 ,_.L:_-« l _.41._66__,.1 o_|
COMPOSITION BY/WT. petuat .
Carbon YU __ 385 g | 385 g 385 g . '__ ) koo g | 455 g| 455 g .
Thi. otrope (1) Bgntomte 6 g 6 9___,___,§ g -5 6bg 6gi .6'g
(2) : . "' §.._ . -,_'.-_..._....__'._;_ OO GRS
(3) - °® R |
3) B e S I
(4) 5 —-
Dispersant (1) DAXAD 11- 2 g - _,._MM_..._.;’,-:..._
L (2) parvan No. 2 12 gf . ';'3_ 2b g 2k g —
(3) Marasperse CB 12 .. o 2b g
' (4)_Nopcosant K - E- — N
Pigment 1100 Yellow 60 g| 60g 607 60 g|] 60g 609
Corrosive Inh‘lbitor (1) 4 Na,C 0, 69l 64 6_%_ : 6 g 6 # 6o
(@) | U ‘ - N
_Solvent, Water/Alcohol 60/40 By Vol., mi| 756 756 | 756 756 756 756 |
_MIXING TECHNIQUE : Homogenizer, minutes 30 30 30 --30- ¢ - 30 30 ¢
_CHARACTERISTICS
Viscosity, CP g e e . e e o
lueed, Helipatn "€ 12,000 8,500 | 9,000 6,000 | 13,000 19,_009_};,
After #4 Q10 RPM | 9,00} 5,600] 6,600 _ | 3,825 | 9,400]14,300
Mix 14 e 20 RPM 4,800 2,950 ] 3,400 2,075 | 5,150| 7,400 |
after Helipath "C” 14,000| 4,000| 7,000 .300| _3,500] 5,000 .
}'44 4 10 aeM 9,900| 2,600| 4,500 1.450.1. 1,900 2,600.|. _ .
oW .ta oo RRM 1 5,175 1,u75) 2,800, 1 8501 1,275 1,675.. .
After “Delipath "C" 26,000} 3,700 5,000 Jo.4ool 3,200} 2,000
5 7 .#4 @ 10 RPM 16,200 2,100} 2,200 L300 850! 1,300% .
S gaezoReM 18,5500 1,200 ).300) o | 225) . g2l g0 .
After Helipath “C" 31'&003' 5,000} 4,500! ; 800! 1,060 -
14 #4@10RPM__ ]19,000' 2,800] 2,000 K 5500 7001
Sintae's slee P P . et — -
Days . JA Q20 RPM ... lo,000] 1,600] 1,150]. ‘__:T b L haslosol
arep -elipath 'C” 44,000} 9,000] 3,500, P 560 | 600
300 #4 @ 10 RPM 22,000} 4,600 1,800' k50' 500
Days yoo20meM  |13,600] 2,500 1,175 | | k5| koo
e B _ 9.6 {9.6 | 9.6 l 9.5 1 9.5 | 5.7 1
~MOTES: ___  Particle Size: 1.50 u a5




UU CARBON ~ PERCENT DISPERSANT EVALUATION o

TABLE

Xxv

CARBON SUSPEKSIONS

Helipath "C"

{28,00013,000

Imed. - S PR S
g{:er H4Q 1ORPM 20,000, 9,400) 8,6000 9,250 | | _ | ..
e e, 20 REM 13,000/ 5,150{ 4,750 5,100

13,000 {14,000

Helipath "C"

FORMULATION NO. 173 | 10 [ [ars |
T ) B BN | -
| COMPOSITIGN BY/WT. | Actual Wt
f .
Laron w U5 g 5 gl W55 9| M5 gl - | L
U . o :
Thlxotrope (J)_ Bentonite_ 6 6gl 6gi 6} i 1
A2 ' S ERRES U UM S
(3 — N R
(4) | - S A
Dispersant (1) Darvan No. 2 12.gf 249 369 1484 —_—e
(2) § - ' S
(3) | b
(4) =
Rigment 1100 Yellow 60a| 60d 609l 604 S
Corrosive, Inhibitor (1) N2,C 0, 6 6_,5?_ 69l . 64l
e N I N e
_Solvent, Water/Alcohol 60/40 By Vol :_"1’ 756 | 756 ] _756 756 L
 MIXING TECHHIQUE : Homogenizer, minutes | 30 30 | 30 30 ! [
CHARACTERISTICS
viscosity, CF . . _ . o - - -

| 16,000| 3,500| 4,000( 3,900
Afte r R - A SR Sy oot oo e ...J....,. -
. - 24 #4.9 10 RPM 13,200] 1,900 2,300( 2,300 i
~ Hours 44 ¢ 29 ppH i 6,800] 1,275 1,450 1,425 .
Afor lelipath "C” , L | B 4 e
7 #4 6 10- RPM | P
Days 44 ¢ 20 RPM | ! ! f
- TR ‘n":--‘-‘-*m- = == --—T—- --——l'ﬁt'——~ T “'"b'—“ = “"‘4!'::::"”::::‘ o Tene ey 2T ?
14 44 @ TORPK i 1 . ;
Bays  #4_u 20 PP " F N
PR 3 et b Soed AfL- b ”..“:'-.a'::_“-‘“‘ L X MALW-@J EC W B ;
Helipath “C" : : : ’ ; L
After : e ; —
M 44 9 30 RPM ¢ 1 ' e
Uays  #4 @ 20 RPM ? e
e s s s omene. —-—-Bv == = “ o= - x:-x:azs....ﬂL:.a.-wm._...L;,f.{! ;
U N 1 L
e, s o
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TABLE XXV
CARBON SUSPENS!

!
ONS

UU CARBON - CORROSION INHIBI

FORMULATlON N0

4.0

e

..___..

™ol

#4 @ 10 RRM 1,900122,200;

i
NOUrS _#4 Q20 RPM . 1,275

24

12,000
i o

e I .
_EP~POSITION BY/WT. | E Actual Wt.
Larbon hssgibsse | o Ll i 1
| } |
JIhixotrope (1) Bentonite 6 g-' 69 | ~i S S IO
. |
_..i__)__....., m e s e - ..V_.m_ —f e e “.Aﬂf,\_. VY S P e - [V .
(3) i i | R S TS
‘ ! T =
(4] o e — }__ o
Dispersant (1) Darvan No. 2 | .2,.11_9.#_35,‘9_., B + S B {'_
(2) ; : ’ B S
(3) L ; .
T 1
(4) ! ! -
Pigment 1100 Yellow L 609| 60g J L
H i T —l o
Corrosive Inhibitor U) Na,€ 0, ' ¢g, t i
T + T -+ e
_(.?) - -~ 4 ——— 6 g e _.~-1L- ! . j-— ...... .‘
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{ The optimum formulation for the UU coconut shell based carbon is
{ made as follows:
Ingredient Actual Weight Percent Formula Wt.
Carbon: UU 455 ¢ 34.68
Thixotrope: Bentonite 6 g .46
Dispersant: Darvan No. 2 24 ¢ 1.83
Pigment: 1100 Yellow 65 g 4.95
Corrosion Inhibitor: Sodium Chromate 6 g .46
Mix Time: Sixty (60) minutes using the L-1 Laboratory Homogenizer
Typical Viscosity at 24 hours 8,000 cps Helipath
after mixing 6,000 cps #4 @ 10 RPM
3,450 cps #4 @ 20 RPM
pH Value 1.5 u {avg.)

0. The Formation of Thixotropic Gels

In working with the four different based carbons, it has been observed that
during the first three days storage of certain carbon slurries, a thixo-
tropic, non-pourable, uniform gel is formed. This is considered a very
important and desirable condition in that it prevents the settling out of
the carbon particles. It is believed that this gel forms as a result of
the interaction of bentonite with t!ie active carbon.

This gel-like structure is very shear sensitive and can be easily made fluid
by one or two shakes of the container,

It can be concluded from the data presented in Table XXIX that slurries

with high undisturbed viscosities as hign as 102,000 centipoise (and
possibly higher) can be easily reconstituted into a fluid state with lowered
viscosities that can be easily sprayed. For example, Formulation No. 138
with an undisturbed viscosity of 102,000 centipoise reconstitutes easily

to 6,000 centipoise.

| 0f equal importance is the fact that the gel-Tike structure will reform
repeatedly after being reconstituted to the fluid state.




FORMATION OF A THIXOTROPIC GEL- ,V

~ TABLE XXIX

Gel -

Viscosity Amount _ Easily
Form # Reconstii) Free Amount Formati?n Reconsti- _

CWS Undist. tution Solvent Settling °~ L-M-H 2) ¢olor  tuted liotes

115 70,000 16,000 20 ml 0 Yes (L) ‘Green | Yes

116 - -- 100 ml 100% No (H) -- No .

117 136,000 8,000 82 mi 50% | Yes (M) Green | - Yes

118 -- -- -- 100% No (H) . Green | No -

120 40,000 |. 1,200 23 m) 0 Yes (L) Green Yes

137 >200,000 3,000 6 ml 0 "~ Yes (H) Green No Very heavy

' T = glue-like

14 140,000 2,000 3 ml Yes (M) | . Green Yes

144 74,000 2,000 8 m! Yes (L) Green Ygé

145 163,000 34,000 11 mi Yes (H) Green Yes Hard gel bu
easily re-
constitutec

acc(3) | '

122 65,000 | 30,000 6 ml 0 Yes (L) .| Black | VYes

123 58,000 24,000 15 ml 0 Yes (1)~ Black Yes

124 74,000 14,000 20 ml 0 Yes (L) Black Yes

125 ! 50,000 12,000 27 ml- 0 Yes (L) Black | Yes

126 70,000 17,000 9 ml 0 Yes (M) Black | Yes

'1 l

("
(2)

!
(J)Suspension Prepared with

Light, Medium, Hard

Re-constituted . Helipath

.74 Particle Size Carbon




TABLE XXIX (CONT'D)

FORMATION OF A THIXOTROPIC: GEL

t

Viscosity Amount Gel Easily
Form i ainr, ) (e saretieg iomenld) ooy
' . g L-M-H Color ] tuted ~ Hotes
100 |>200,000 | 30,000 9 ml' o | Yes (M) © 1 Green | Yes
129 136,000 '| 50,000 - 6 ml 0 Yes (M)- | Green | Yes
130 110,000 15,000 34 ml 0 Yes (M) Green Yes
131 | >200,000 | 27,000 34 m 0 -| Yes (M) | Green | Yes'
132 100,000 10,000 39 ml 0 Yes (L) Green Yes
138 | 102,000. | 6,000 21 ml 0 Yes (L) .| Green | Yes
139 74,000 | 5,000 6m | .0 Yes (L). | Green | Yes
140 82,000 | 17,500 18 ml 0 Yes (L) | Green | ves
DARCO KB - - | o
97 57,000° | 19,000 7 ml 0’ Yes (L), | Green | Yes
104 |>200,000 | 11,000 62 ml 303 | No (H) | Green | Yes
106 |>200,000 | 15,000 b m) 30% | No (#) | Green ! No
112 44,000 | 19,000 7 ml 0 | Yes (L) Green | Yes
13 30,000 | 9,500 5 mi 0 | Yes (L) | Green | Yes
105 ’ 29,000 ' 5,000 13 ml 0o . Yes (L) Green Yes
133 f 30,000 36,000 2 ml 0 - Yes (L) Green Yes
136 g 104,000 % 28,000 2 ml 0 Yes iy | Green | Yes
142 . 130,000 ' 32,000 2 ml 0 Yes (L) | Green Yes
143 % 108,000 | 28,000 6 ml 0 Yes (L) Green | Yes
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I11.

SPRAYING AND ADHESIOM TESTING
A. Spray Cxperiments

To begin spraying experiments with each of the optimized formulations, two
24" x 24" aluminum test panels were spray coated with 1 mil of chfomate
primer and 1 mil of 0G lusterless alkyd lacquer. Test tabs (1 in") were
coated along with the panel and were used for determining tha amount of
carbon deposited on the surface after each test. The standard sprayer
unit equipped with the standard nozzie and .033" diameter atomizing hole
was used to test each of the different based carbons. Figure V and VI
show the spray set-up and coated test panel.

Spray Test No. 12 - CWS Carbon

The optimized formulation as discussed in Section I-C was used for this
test. The viscosity measured in the 14,000 centipoise range. The
standard sprayer was filled with 1 1iter and pressurized to 200 psi from
a nitrogen (standard 2500 cubic feet) tank. The 24" x 24" test panel was
set 90° to the sprayer nozzle at a distance of 5 feet. One pass was made
over the entire panel. As the slurry tends to be broken up into very
small droplets, one pass was not sufficient to cover the surface of the
panel. Two additional passes were then made which covered the surface
completely. After allowing the coating to dry, the test tabs were
removed to determine coverage.

Test Tab No. Carbon Deposited
i 22.4 mg/cmg
2 19.2 mg/cm2
3 21.9 mg/cm2
4 19.6 mg/cm

Because the slurry is being dispensed in very small droplets, requiring
2-3 passes for complete surface coverage, high carbon deposits are being
recorded as shown above.

Spray Test No. 13 - Darco KB Carbon

The same general procedure was used to test sprayability of the Darco KB
suspensions. The viscosity measured in the 17,000 centipoise range. A
total of 3 passes was made over the panel with the following coverage.

Test Tab No. Carbon Deposited
1 12.6 mg/cmg
2 11.8 mg/cm2
3 10.4 mg/cm2
4 9.7 mg/cm

Again the spray was in the form of very small droplets requiring multiple
passes for complete surface coverage.
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Spray Test No. 14 - ACC Carbon

Although the ACC suspension sprayed better than did the other carbon
slurries, the surface coating was similar to that of the previous tests.
Again the spray was in the form of small droplets. The viscosity measured
in the 6,000 cps range. After 3 passes over the test panel the coverage
measured as follows:

Test Tab No. Carbon Deposi ted
# 1 10.6 mg/cmg
2 10.1 mg/cm2
‘ 3 10.4 mg/cm2
4 10.8 mg/cm

The spray tests conducted on the UU suspension gave results very similar
to those obtained using the CWS and Darco KB slurries. Each test tab

showed an average of 12 mg/cm¢ carbon coating.

By considering stability and sprayability of the different carbon based
thixotropes, the suspension prepared with the ACC activated carbon was
chosen for additional spray tests.

S T 6 O NOTR OGN I B It g . —
. .

Spray Test No. 15 - ACC Carbon

To further test the sprayability of the ACC suspensions, a standard
‘ DeVilbiss paint spray gun was used to prepare a test panel. The spray
? gun was a type MBC with AVI5EX head and DEX needle and was operated at

68 psi air pressure.

| From a distance of 15-18 inches, 2 passes were made over the test panel.

The resuiting spray, fog rather than droplets, gave a uniform even coating.
’ The test tabs were weighed for coverage and the following results were
obtained.

j Test Tab No. Carbon Deposited

! Ea)

| 1 4.56 mg/cmg
2 3.72 mg/cm,
3 4.43 mg/cm;
4 3.72 mg/cm

For comparison, a spray test was made with the same ACC suspension but
spraying with the standard apparatus. From a distance of 5 feet, operating
1 at 200 psi nitrogen pressure, 3 passes were necessary over the test panel
to cover the surface. The test tabs measured the following coverage.




- -

Test Tab No. Carbon Deposited
: 8.2 mg/cm
2 7.8 mg/cm2
3 9.2 m3/cm,
4 8.1 mg/cm”

In viewing Figures VII and VIII, it can be seen that a more uniform, even
coating is applied using the DeVilbiss gun than was possible with the
existing standard spray unit. The panel prepared with the standard
apparatus has the larger carbon deposit (8-9 mg/cmz) but has evidence

of uncoated areas caused by the droplet form spray.

It can be concluded from the above tests that with some modification to

the standard spray apparatus, the ACC carbon_slurries can be sprayed
satisfactorily to give the desired 3-4 mg/cm2 activated carbon coating.

B. Adhesion Tests

Adhesion tests were next performed using formulations as described in
Section 1-C. In preparing for abrasion tests, three aluminum panels

3" x 6" were coated with 1 mil of chromate primer and 1 mil of lusterless
0G alkyd lacquer. These test panels along with test tabs were then
coated with the activated carbon slurry as follows:

Spray Gun: Devilbiss Type MBC
AV15-EX Nozzle/DEX Needle

Distance: 15-18 inches panel toc spray gun
Pressure: 100 pounds air pressure
Passes: 2 in 7-10 seconds

After drying for twelve hours at 72°F and 5C% R.H., the test tabs were
reweighed to determine coverage. Figures IX and X show the test panel
before and after spraying.

Terry cloth strips 3.16 x 3.16 centimeters (10 e surface area) were
cut for abrasion pads. A 10 mil thick rigid plastic film was placed
over the terry cloth to evenly distribute the 100 gram weight. The
weighed terry cloth was dragged over the carbon coating at a rate of

5 inches per minute using the Instron Test Machine (see Figures XI and
XII. The percent carbon loss was calculated as follows:
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% pAN] = Wy (gm/cmz)
i TAN3 = Wy (g/cm?‘)
" 2
ﬁ; x 100 = % (g/cm®) Carbon Loss
“ ‘ Where:
1 NI = Weight of test panel
" N2 = Weight of carbon coated test panel
“A - Amount of carbon coating per unit area
PA = Area of test panel in cm2
N3 = Weight of test pane! after abrasion A
TA - Area of the abrasion path in cm2 ’
NB - Amount of carbon abraded away

Table XXX shows results of the abrasion tests for each of the different
based carbons. It can be seen that all carbons are weil within the maximum
allowable Toss of 25%.




TABLE XXX

ABRASION RESISTANCE OF ACTIVATED CARBON
DEPOSITED ON ALKYD LACQUER COATED SURFACES

Test Panel Carbon Cgating Carbon Loss

Carbon Number mg/cm Percent
1. CWS 1 3.87 3.30
Coal Based 2 3.36 6.06
3,65 2.84

2. Darco KB 10 5.12 4,78
Wood Based 11 5.49 4.58

12 4.99 5.18

3. ACC 7 4.01 6.36
Petroleum Based 8 4.80 7.19

9 3.83 6.71

4, W 4 3.87 - 12.09
Coconut Shell Based 5 3.75 8.92
3.27 6.74
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CONCLUSIONS

Ingredients for the formulation of an activated carbon Toaded thixotrope
have been selected. Each of the different based carbons has been evaluated
for stability, sprayability, color and adhesion to a surface. Optimized
formulations of each system are shown in Section II-C.

Spray tests were conducted with each of the different carbon suspensions for
sprayability, coverage and effective distance. The ACC thixotrope was
selected as the system best fulfilling the program performance requirements
using sprayability, viscosity and stability as the selection criteria.

Adhesion tests were conducted to determine percent retention of carbon on

a painted surface after being subject to drag test. It was found that each

of the different based carbons has sufficient adherence to remain below the

allowable 25% loss.

FUTURE WORK

Work during the next reporting period will be as follows:

1. Optimization of spraying apparatus and techniques.

2. MWork will begin on dry formulations for clothing and individual equipment
decontaminants. These dry forms will contain an activated carbon (CWS),

a filler such as asbestos or micronized nylon, and a pigment such as iron
oxide. This formulation will be incorporated into a loosely woven pad.
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VI. APPENDIX

Pl =

FIGURE 5 - SPRAY TESTING APPARATUS TO DETERMINE
SPRAYABILITY AND COVERAGE

FIGURE 6 - CARBOW COATED PAlL VITH TEST TABS
TU MEASURE COVERAGE
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FIGURE 7 - CLOSE-UP OF ACTIVATED CARBON COATING
nATUS

SPRAYED WITH THE STANDARD SPRAYER APPARAT

e S,

FIGURE & - CLOSE-UP OF ACTIVATED CARBON COATING
SPRAYED WITH A DEVILBISS MBC SPRAY GUi
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FIGURE 6 - CARBON CGATED PANEL WITH TEST TABS
TO MEASURE COVERAGE

FIGURE 10 - ABRASION TE T DANELS WITH A 3-8 mg/cml
COATING OF AC [VATED CARBON

- .
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FIGURE 11 - ABRASION TEST SET-UP
USING INSTRON TEST MACHINE

FIGURE 12 - CLUSE-UP SHUWING 10U LKAM
WEIGHT AND TERRY CLOTH

-63-




